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B x p e rim en ta  on th e  S y n th e s i s  o f  C a r n i t i n e ;  b e in g  
a  f h e s i s  s u b m i t te d  to  th e  U n iv e r a t t y  o f  London fo p  
D egree  o f  D o c to r  o f  P h i lo s o p h y  by Jo h n  W illia m  Groom 
C ra w fo rd , B a c h e lo r  o f  S c le n o e .
The e x p e r im e n ta l  w ork i n  e o n n e o t lo n  w i th  t h i s  t h e s i s  
was e a r r l e d  o u t  a t  B a t t e r s e a  p o ly te c h n ic  u n d e r  th e  
s u p e r v i s i o n  o f  D r .  J .  K enyon .
B a t t e r s e a  P o ly te c h n ic  I n s t i t u t e .
M ay, 1 9 2 4 .
  -
E X P E R IM E N T S  Oft TEE S Y N T H E S IS  QP G A R N I T I N E .
S e c t io n  A.
H i s to r y  o f  C a r n i t i n e  an d  o f  th e  A tte m p ts  t o  E lu c i d a t e  i t s  
  C o n s t i t u t i o n .
A s y s t e m a t i c  i n v e s t i g a t i o n  o f  th e  e x t r a c t i v e  
s u b s ta n c e s  o f  m u s c u la r  t i s s u e  h a s  b e e n  c a r r i e d  o u t  by  
G u le w lts c h  and h i s  c o l l a b o r a t o r s ;  th e  p r e l i m i n a r y  
p a p e r  (*) o f  th e  s e r i e e  d e s c r ib e d  th e  p r e c i p i t a t i o n  
o f  b a s e s  fro m  aq u eo u s s o l u t i o n s  o f  L i e b i g 's  m eat e x t r a c t  
b y  p h o s p h o tu n g s t ic  a c i d ,  and  th e  i s o l a t i o n  o f  a  new 
b a s e ,  c a r n o s i n e .  The n e x t  p a p e r  (*) c a r r i e d  th e  
i n v e s t i g a t i o n  f u r t h e r  and  d e s c r ib e d  th e  i s o l a t i o n  o f  a  
se c o n d  b a s e ,  t o  w hioh  th e  name c a r n i t i n e  was g iv e n .
C a r n i t i n e  w&s f i n a l l y  i s o l a t e d  as i t s  
p l a t i n i c h l o r i d e , and  a n a l y s i s  o f  t h i s  y i e ld e d  f i g u r e s  
s u p p o r t in g  th e  fo rm u la  C7 H /^ 03N f o r  th e  f r e e  b a s e .
A bout th e  same tim e  K u ts c h e r  ^  p u b l i s h e d  
an  a c c o u n t o f  th e  i n v e s t i g a t i o n s  on  L i e b i g 's  me a t -  
e x t r a c t  and d e s c r ib e d  th e  i s o l a t i o n  o f  s e v e r a l  new 
b a s e s  fro m  i t .  Amongst th e s e  w ere tw o , n o v a in e  and  
o b l l t i n e .  N ovaine was I s o l a t e d  as i t s  a u r i c h l o r l d s ,  
to  w h ich  K u ts c h e r  a s c r i b e d  th e  fo rm u la  C7 H,7 NO** HCl*Au C l-  
O b l l t i n e  was s e p a r a t e d  as i t s  p l a t i n i c h l o r i d e ,
05 4 2HC1* P t  C l*.. S h o r t l y  a f t e r w a r d e ,  K rim b erg  a rg u e d
t h a t  th e  o & r n i t ln e  d i s c o v e r e d  b y  h im s e l f  and  G u le w lts c h  
was i n  a l l  p r o b a b i l i t y  i d e n t i c a l  w i th  K u t s c h e r 'a  n o v a in e ,  
f o r  th e  f o l lo w in g  r e a s o n s : -
( i )  The a u r i c h l o r i d e s  o f  c a r n i t i n e  an d  n o v a in e  b o th
c r y s t a l l i s e  i n  two fo rm s " n am ely  i n  l a r g e  o r a n g e - c o lo u r e d  
n e e d le s  o r  co lum ns an d  i n  f i n e  b r i g h t  y e llo w  n e e d le s  and  
l e a f l e t s "  •
( 1 1 ) Ih e  m e l t in g  p o i n t s  o f  th e  two a u r i c h l o r i d e s  a re
i d e n t i c a l  ( c a r n i t i n e  a u r i c h l o r i d e , 1 5 3 -4 ° ,  n o v a in e  
a u r i c h l o r l d e , 1 5 5 ° ) •
(1) G u le w lts c h  Sc A m ira d z ib i ,  P h y s i o l .  C hem .30 ,565  (1 9 0 u ) .
(2) G u le w lts c h  & K rim b e rg , 2, . P h y s i o l .  C hem .45, 3 2 6 -3 0  (19u6)
(3) E e i t s c h r i f t .  P u r  U n te rsu c h .D .N a h ru n g s  l iT J f e n u s s m i t te l , )
1 0 , 5 2 8 . )
(4) Z. p h y s i o l .  Chem. 4 8 , 412 (1 9 0 6 ) .
A c c o rd in g  to  K rim b erg  th e  fo rm u la  g iv e n  
to  nov& ine i s  p r o b a b ly  i n c o r r e c t  s i n c e  K u ta c h e r  
h im s e l f  a d m i t te d  t h a t  th e  g o ld  c o n t e n t  o f  th e  
a u r i c h l o r i d e  fo u n d  b y  a n a l y s i s  i s  c o n s i s t e n t l y  to o  
low f o r  t h a t  r e q u i r e d  b y  " n o v a in e  a u r i c h l o r i d e " ,
C7 H,f NO** H c l. AUCI3 , w h e re a s  K u t s c h e r ’s  e x p e r im e n ta l  
v a lu e s  a re  i n  g o o d  a g re e m e n t w i th  th e  g o ld  c o n t e n t  
r e q u i r e d  b y  c a r n i t i n e  a u r i c h l o r i d e  C7 H,4 N03 AUCl^.
F u r th e r  p r o o f  o f  th e  i d e n t i t y  o f  th e s e  two s u b s ta n c e s  
was g iv e n  i n  a  l a t e r  p a p e r  (* ) • As th e  d i s c o v e r y  
o f  c a r n i t i n e  was p r i o r  to  t h a t  o f  n o v a ln e ,  th e  l a t t e r  
name h a s  b e e n  d i s c a r d e d *
I n  th e  same p a p e r  K rim b erg  show ed 
c o n c l u s i v e l y  t h a t  c a r n i t i n e  o c c u rs  i n  f l e s h  as a  
l i f e  p r o d u c t ,  and  n o t  as  a  p ro d u c t  o f  d e c o m p o s it io n  
p o s t  m ortem  o r  as  a  r e s u l t  o f  th e  t r e a tm e n t  o f  m ea t 
d u r in g  tR e '- 'p ro c e s s e s  o f  m a n u fa c tu re  o f  L i e b i g 9s meat™ 
e x tr& o t  •
R . E n g e la n d  ^ i n  a  p a p e r  on  c a r n i t i n e  
c la im e d  t h a t  th e  b a s e  I s o l a t e d  by  B r le g e r  ^  from  
p u t r i d  h o r s e f l e s h  an d  g iv e n  b y  h im  th e  fo rm u la  G7U,yMO^  was p r o b a b ly  c a r n i t i n e *  The same b a s e  was 
m et w i th  b y  S t& d th a g e n  and B a g in sk y  (4) i n  th e  c o u r s e  
o f  an  e x a m in a t io n  o f  p u t r e s c e n t  f i s h  and  h o r s e f l e s h .  
O th e r  a u t h o r i t i e s ,  h o w e v e r , have  show n, a lm o s t  
c o n c l u s i v e l y ,  t h a t  B r i e g e r ’s b a s e  was Jj  b u ty r o b e ta in e *
P r o p e r t i e s  
off C a r n i t i n e .
Some o f  th e  p r o p e r t i e s  o f  c a r n i t i n e  may be 
now m en tio n e d *  The b e t a i n e  i t s e l f  i s  a  c r y s t a l l i n e  
h y g r o s c o p ic  b o d y , w h ich  d i s s o l v e s  v e r y  r e a d i l y  i n  w a te r ,  
g iv in g  a  s t r o n g l y  a l k a l i n e  s o l u t i o n .  B o th  th e  b a s e  an d  
i t s  s a l t s  a re  o p t i c a l l y  a c t i v e ;  th e  h y d r o c h lo r id e ,  a  
d e l i q u e s c e n t ,  v e r y  e a s i l y  s o lu b l e  b o d y , h a s  [* ]* - 2 0 *9 °  
i n  aq u eo u s s o l u t i o n ,  e x c e s s  o f  f r e e  h y d r o c h lo r ic  
a c i d  b e in g  p r e s e n t*
(1) Z .p h y s i o l .  Chem 55 4 6 6 (1 9 0 8 ) .
(2 ) B e r .  4 2 , 2 4 5 7 , (T 9 0 9 ) .
(3) B r i e g e r ,  " d ie  P to m a in e " , 1 8 8 6 , 2 7 .
(4) B e r l .K l in *  W o c h e n s o h r i f t ,  1 8 9 0 , 284*
The p l a t i n i c h l o r l d e  c r y s t a l l i s e s  f ro m  h o t  
80fi a l c o h o l  i n  s h o r t  o ra n g e  p r ism s#  w h ic h  m a lt  a t  2 1 4 -2 1 8 °  
w i th  d e c o m p o s it io n #  and  a r e  v e r y  e a s i l y  s o lu b l e  i n  w a te r*
The a u r i c h i o r i d e  i s  v e r y  c h a r a c t e r i s t i c *  I t  i s  
fo rm ed  i n  th e  u s u a l  m anner# b y  a d d in g  c l i l o r o a u r i c  a o id  
to  aq u eo u s c a r n i t i n e  c h l o r i d e *  When i t s  h o t  aq u eo u s 
s o l u t i o n  i s  q u i c k l y  c o o le d #  th e  a u r i o h l o r i d e  s e p a r a t e s  
as  a  d a r k  o ra n g e  o o lo u r e d  o i l ,  w h ich  r a p i d l y  s o l i d i f i e s  
to  a  c r y s t a l l i n e  b u t to n *  When# how ever#  th e  h o t  s o l u t i o n  
i s  a l lo w e d  to  c o o l  s lo w ly #  two k in d s  o f  c r y s t a l s  a re  
d e p o s i te d #  nam ely# " y e l lo w is h  s m a l l  n e e d le s  and much 
d a r k e r  o ra n g e  c o l o u r e d ,  l a r g e  n e e d le s  o r  p r ism s#  u p  to  
1  cm* lo n g ” . ' 1 ' The m e l t in g  p o i n t  o f  th e  a u r i o h l o r i d e  
i s  153 * 4 ° w i th o u t  d e o o iq p o a it io n *
C a r n i t i n e  fo rm s two v e ry  c h a r a c t e r i s t i c  d o u b le  
e & l ts  w i th  m e rc u r ic  c h l o r i d e .  When th e  f r e e  b a s e  i s  
t r e a t e d  w i th  m e rc u r ic  c h l o r id e #  a  c r y s t a l l i n e  com pound 
o f  th e  fo rm u la  2 Kg cl* , i s  fo rm e d ; b u t  when
th e  c h l o r i d e  o f  th e  b a se  i s  t r e a t e d  w i th  m e rc u r ic  
c h l o r i d e , a  d i f f e r e n t  compound# w hioh  show s much l e s s  
te n d e n c y  to  c r y s t a l l i s e #  i s  o b t a in e d .  T h is  h a s  th e  
fo rm u la  C tE rO s I IC I .  6 Kg Cl*,* The f i r s t  com pound m e l ts  
a t  2 0 4 -2 0 5 °#  th e  s e c o n d  a t  2 1 1 -2 1 5 ° •
The C h e m ic a l 
C one t i  i u t  ion""of 
f t a r n i t l n e "*
The c o n s t i t u t i o n a l  f o r m a la c a s c r l b e d  to  c a r n i t i n e  
have  b e e n  d e r iv e d  m a in ly  fro m  c o n s i d e r a t i o n  o f  i t s  
d e c o m p o s i t io n  r e a c t i o n s *
When h e a t e d  w i th  aq u eo u s b a r y ta #  c a r n i t i n e  
decom poses#  y i e l d i n g  a l l  i t s  n i t r o g e n  a s  t r im r th y la m ln e #  
w h ich  c a n  be d i s t i l l e d  o f f  an d  i d e n t i f i e d  as i t s  
a u r i o h l o r i d e .  From  t h i s  r e a c t i o n  i t  f o l lo w s  t h a t  
o a m l t i n e  c o n t a i n s  a  t r im e  th y  1  ammonium h y d ro x id e  
g r o u p in g ,  H.M. (CH3 )3 • Oh.
(1 ) H* h r im b e rg #  2 .  p h y s i o l .  Chem. 50# 361 ( 1 9 0 6 - 7 ) .
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B ecau se  o f  th e  s i m i l a r i t y  o f  t h i s  d e c o m p o s it io n  
to  th o s e  s u f f e r e d  b y  c h o l in e  and n e u r in e  u n d e r  th e  same 
e x p e r im e n ta l  c o n d i t i o n s ,  K u ts c h e r  ^ ' r e g a r d e d  c a r n i t i n e  
as  a  r e l a t i v e  o f  th e  c h o l in e  b a s e s ,  and  assum ed i t  t o  be 
a  h ig h e r  hom ologue o f  m u s c a r in e ,  w i th  th e  fo rm u la :*
C H X —  C H X — C H , ~  C H / 2
O H
T h is  f o rm u la  i s  r e n d e r e d  i n v a l i d ,  a s  
K rim b erg  p o in te d  o u t  ( 2 ) ,  by  a b s e n c e  fro m  i t  o f  an  
asy m m etric  c a rb o n  a to m , w h erea s  o a r n l t lm e  an d  i t s  
d e r i v a t i v e s  a re  h i g h l y  o p t i c a l l y  a c t iv e *
The r e s i d u e  r e m a in in g  a f t e r  th e  re m o v a l o f  
trim ethy lam JL ne h a s  b een  shown by K rim b erg  W  to  
c o n t a i n  c r o t o n i c  a c i d ,  o r  an  is o m e r ,  an d  by  K u ts c h e r  
t o  c o n t a i n  s u c c i n i c  a c id *
On th e  s t r e n g t h  o f  th e  f o r m a t io n  o f  th e s e  a c id s  
an d  t r i m e t h y l  a m in e ,  K rim b erg  p o s t u l a t e d  th e  fo rm u la
o  -----------------------------C O
(CH-s /v /  j
—  c h (oh) —  CHZ
f o r  c a r n i t i n e ,  t h a t  i s ,  th e  b a se  was r e p r e s e n t e d  as  
0 - h y d ro x y  b u t y r o b e t a i n e • I t  i s  o b v io u s  t h a t
c r o t o n i c  a c i d  c a n n o t  d i r e c t l y  r e s u l t  from  th e  above 
com pound by  s im p le  h y d r o ly s i s  and  d e l y d r a t l o n ,  b u t  
K rim b erg  e x p l a in s  th e  f o r m a t io n  o f  b o th  c r o t o n i c  and  
s u c c i n i c  a c id s  fro m  th e  b e t a i n e  by c i t i n g  th e  b e h a v io u r  
o f  o t h e r  d ih y d ro x y  mono c a r b o x y l l c  a c i d s ,  s i m i l a r  t o  th e  
| 3Y_G ih y d ro x y  .^ i ty rx o  a c id  p re s u m a b ly  fo rm e d  on re m o v a l
(1) 2 , p h y s i o l .  Chem* 4 9 .4 7  (1 9 0 6 ) .
(2) Z . p h y s i o l .  Chem.*g3^B61 (1 9 0 6 -7 ) .
(3 ) Z . P h y s i o l .  Chem .6 2 , 514 (1 9 0 7 ) .
(4) Z - p h y s i o l .  Chem. § 0 , 250  ( 1 9 0 6 - 7 ) .
b y  h y d r o ly s is  o f  the trimethylaminoniura resid u e*
Suoh aoida when b o ile d  w ith a lk a l i  are aonverted  
in to  a mixture o f  a d lca rb o x y llo  a c id  and a mono- 
hydroxymonooarboxylio ao id  • Thus g lro X y lic  s o ld  
y ie ld s  s  m ixture o f  o x a lic  and g ly o o l l lo  a c id s : -
C h(oh)x Cooh c h xoh
I —  I H ~  I 4 -
LOOH COOH COOH
w h ils t  g ly c e r ic  s o ld  g iv e s  o x a lic  and l a c t i c  acid s
CfaOH
I
C hoh
I
Cooh
CU,
i 3
Cl-IQU - f  
I
COOH
Cooh
Cooh
S im ila r ly , w ith ^ j-d ihyd roxy b u ty r ic  s o ld .
CMJOH
I
Choh
+  h(ch/)3
i x 
. Cooh
t o
C^ HOH
t o
C o - o
euxon
i
Choh
i
Cm.
ICOOH
CH.I 3 
Choh
kux
I'cooh
Caou
Cm.
COOH
The f i -h y d ro x y  b u ty r ic  a c id  i s  then dehydrated  
to form crohonic aoid* Evidence tending to  confirm  
th is  form ula ia  found in  the red u ctio n  o f  c a r n it in e  by  
h yd riod ic  a o id  and red  phosphorus to  £- b u ty ro b eta in e •
( l) iB o tt in g e r #  iier* 13# 1932; Debus, Ann*d*Chim#109# 231*
5 -
6 ----- — CO 0
frdK
CHx : CHX - CHX
thus a ffo rd in g  proof o f  the e x is te n c e  o f  & normal 
b u ty r ic  acid  resid u e  in  the c a r n it in e  m o lecu le , and 
f ix in g  the r e la t iv e  p o s it io n s  o f  the oarb oxylio  and 
trim e thylam ine r a d ic le s *
N eith er  o f  the preced ing  r e a c tio n s  a fford s p o s it iv e  
in d ic a t io n  o f  the exact p o s it io n  o f  the hydroxyl group . I h a k  & i$  
i s  undoubtedly p resen t has been shown by Engeland '1'b y  
p rep aration  o f  a c e ty lc a r n it in e #
The group may be e ith e r  in  th e c ^ o r ^  p o s it io n ,  
but Krimberg (2) # although  adm itting the p o s s ib i l i t y  
o f  the /  hydroxy form ula, p referred  the / $  hydroxy fo r  
the fo llo w in g  r e a s o n s :-
/3-hydroxybutyric ac id  .occurs in  the animal 
organism , and form ation  o f  /3-hydroxybutyrobetaine from 
th is  i s  q u ite  fe a s ib le *  Moreover, the n a tu r a lly  
occu rrin g  /^hydroxybutyric acid  i s  la e v o r o ta r y , l ik e  
n atu ra l c a r n it in e *  When in  a h ea lth y  s t a t e ,  the body 
e x c r e te s  but v ery  l i t t l e  /2-hydroxybutyrie a o id , but in  
some d ise a se d  c o n d it io n s , con sid erab le  amounts*
Krimberg supposed th a t in  the h ea lth y  anim al, almost 
a l l  the hydroxy b u tyric  a c id  formed i s  u t i l i s e d  to  
form Ahydroxy butyrobe t&ine (c a r n it in e )  which ia  in  
turn con verted  to  ch o lin e  and thus forms a parent 
substance fo r  the b u ild in g  up o f  l e d  th ine* Etie 
appearance o f  A hydroxybutyrio ac id  and i t s  o x id a tio n  
products in  the urine in  d ia b e te s  and other abnormal 
s t a t e s  i s  presumed to be due e ith e r  to the su sp en sion  
o f  the sy n th e s is  o f  c a r n it in e ,  or to  the in crea sed  
form ation  o f  /^-hydroxybutyrio a c id , in  such amounts th a t  
the c a p a b i l i t y  o f  the body to  produce the b a s ic  components 
n ece ssa r y  for  the sy n th e s is  o f  c a r n it in e  i s  exceeded*
The case  for  co n sid er in g  c a r n it in e  to  be 
/3-faydroxy T-butyrobetaine r e c e iv e d  a severe blow by the 
d isco v ery  o f  Ehgeland th a t c a r n it in e  on o x id a tio n  
w ith  calcium  permanganate y ie ld s  /3-homobetaine• This 
r e s u l t  cannot be ex p la in ed  u n less  c a r n it in e  be rep resen ted  
as sL~hydroxy 1 -b utyrob eta in e •
(1) B er .42 , 2457 (1 9 0 9 ).
(2) Z .  p E y s io l. Chem. 56, 417 (1 906 ).
(3) R. Engeland, Ber.427~2457 (1 9 0 9 ).
C hx - N (c u ,) i  
C.E
CHOH
\ o — o
f \
< f o - o RCo3
fo r  /-hydroxy 7-butyrobe ta in e  would be exp ected  to  
y ie ld  ord in ary  be ta in e .
Chx N/Ch, ) 3
Ch o h
I
CHx
cro-o
Chx - n (c h A
C o— 0
+  2 Hx CO,
In a c tiv e  f i r  hydroxy £• butyrobeta ine has been  
in d ep en d en tly  sy n th e s ise d  by R o l le t t  and Engeland.
The s y n th e s is  o f  R o l le t t  ^  c o n s is te d  in  the 
con version  o f  ^hydroxy £ -o h lo r o b u ty r o n itr i le , 
obtained  from ep ich lo rh y a r in e  and auhydrous 
hydrocyanic a c id , to  the ethyl e s t e r  o f  f i -hydroxy 
f-ch lorob u tyr ic  a o id . This l a t t e r ,  h eated  w ith  
tr im eth y l amine y ie ld e d  ^-hydroxy Z i  butyrobe ta in e  
e s te r  c h lo r id e , whioh on h y d r o ly sis  gave /3-hydroxy 
Z - b u ty ro b eta in e , i s o la t e d  as i t s  p la t in ic h lo r id e ,
CHJU CUxCl
CH x — CHOH
CHS C H S f l
CuxCl
Choh
I
CfaCOOCxfa
chx 'v fa s h  Ct Chx - n (chs)3 ce
Choh
I
c h s o° c s
Choh
J
CHXCOOH
R o l le t t  found th a t the p la t in ic h lo r id e  o f  
/3-hydroxy £  butyrobe ta in e  decomposed a t 248°, where­
as the p la t in ic h lo r id e  o f  c a r n it in e  m elts a t  
214-218° w ith  d ecom p osition . The p la t in ic h lo r id e  
o f  /3-hydroxy Z-butyrobe ta in e  e s te r  m elts  at 233-234°  
w ith  decom position; th a t o f  c a r n it in e  e s te r  at 
220-222 w ith  decom position .
(1) A, R o l l e t t .  2 .  physio l.C h em .6 9 ,6 0  (1910).
E ngelandfs sy n th e s is  ^  was c a r r ie d  out by 
combining ep ich lorh yd rin e  w ith  hydrocyanic ao id  to 
form A'hydroxy ^ o h lo r o b u ty r o n itr i le  , wjifch added 
on tr im eth y l am ine, y ie ld in g  the n i t r i l e  o f
hydroxy 2 /b u ty r o b e ta in e c h lo r id e , which r e s u lte d  
from i t  on h y d r o ly s is  and was is o la t e d  as i t s  
au r ich lo r id e  •
CHJX. CHj_N(CU^iCe Cnx N  (CH^iCt
Choh —*■ Chou — *-
CUXCN CHXCN ChJCOCH
The a u r ich lo r id e  m elted  a t 1 4 5 ° , and the 
e th y l  e s t e r  o f  the b eta in e  gave a p la t in ic h lo r id e  
which m elted a t 210*12° w ith  decom position* Both 
workers came to  the co n c lu s io n  th a t c a r n it in e  cou ld  
not be id e n t ic a l  w ith  /3 -h ydroxy2ibu tyrobeta ine, even  
a llow in g  fo r  the o p t ic a l  in a c t iv i t y  o f  the s y n th e t ic  
product*
R ecen tly , a sy n th e s is  o f  /^-hydroxy^butyrobetaine  
has been ca r r ied  out by 1* Tomita v2) . c^ d io h lo ro h y d r in e  
was con verted  in to  i t s  monophth&limido compound* This 
on warming w ith  potassium  cyanide gave / b -hydroxy  
2 r  phthalim ido b u ty r o n itr i le  • On h y d r o ly s is , /3-hydroxy 
7- anim obutyrlc a c id  was formed, and th is  was con verted  
in to  i t s  lactam , hydroxyp^crrolidone, by heating* Tbe 
lactam  was m ethylated  by m ethyl io d id e  and a lc o h o lic  
p otash , and y ie ld ed /3 -h y d ro x y  Z -b u tyrob eta in e , i s o la t e d  
as i t s  a u r ich lo r id e ,w h ic h  was found to  m elt at 1 8 0 - 1 8 2 0 , 
much h igh er than th a t o f  Engeland (145°) and than 
c a r n it in e  a u r ich lo r id e  (153-154 ) .
CKCt CJ4¥ (Col: WCO),:/V-CHX CHX NHx
I I I I
Choh ^  Choh — ChOH — >- Chou
I | I I
CHffl CHzCl CuffN CHx CooH
CHX—
I
CHOH
CH,~
/ W
C O
CH,—
I
CHOH
c « , -
/ k n s ) i
0
1
Co
(1) B er. 43 , 2705, (1910) .
(2) Z  * p h y s io l .  Chem. 124 ,  253-0  (1 9 2 3 ). C*A. 1923 ,2107 .
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Mention may be made here o f  o b l i t in e ,  the 
base i s o la t e d  by fcutscher in  h is  exam ination o f  
L ie b ig ’s me a t -e x tr a c t  A1 ' The base was g iven  by 
him the form ula G ,9 H3, N* Or# Kutsoher found  
la t e r  th a t o b l i t in e  was c lo s e ly  r e la t e d  to  c a r n it in e ,  
fo r  when the fo m e r  was su b jeo ted  to  the a c tio n  o f  
b a c te r ia  the l a t t e r  was produced, and when o b l it in e  
passed  through the in t e s t i n a l  can a l i t  was lik e w ise  
con verted  in to  c a r n i t in e .
Krimberg ^  was unable to  i s o la t e  o b lit in e  
from L ie b ig ’s m ea t-ex tra c t or from fr e sh  f le s h  by the 
method Introduced by G ulew itsch  and h im s e lf ,  ha 
con sid ered  th a t o b l i t in e  i s  not formed in tr a  vitam , 
but i s  an a r t i f i c i a l  product a r is in g  from c a r n it in e  
during treatm ent o f  L ie b ig ’s e x tr a c t  by K utsoher’s 
p r o c e ss . In  th is  p r o c e ss , a f te r  the p r e c ip ita t io n  o f  
the bases which form in so lu b le  compounds w ith  s i l v e r  
o x id e , the f i l t r a t e  from th ese compounds i s  con cen trated  
to  a syru p , s tr o n g ly  a c id i f i e d  w ith  h yd roch loric  a c id ,  
and tr e a te d  w ith  ab so lu te  a lco h o l to  p r e c ip ita te  irorg& nle 
s a l t s .  The s tr o n g ly  a c id  f i l t r a t e  from th is  p r e c ip i ta t e ,  
to g eth er  w ith  a lc o h o l washings i s  con cen tra ted  on the 
waterbath b efore the b ases are p r e c ip ita te d  w ith  m ercuric  
ch lo r id e  in  a lc o h o l s o lu t io n .  Krimberg argued th a t  
during th is  l a s t  p rocess o f  ev a p o ra tio n , c o n d itio n s  are 
favourable fo r  a lt e r a t io n  o f  the c a r n it in e ,  and he 
supposed th a t f i r s t l y  two m o licu les  o f  the aminoacid  
lo s e  a molAoule o f  w ater, w ith  production  o f  an e th e r ­
l ik e  " d io a m it in e "  •
J ) ----------- CO o ---------- t o
k"i)i:/VN  I (cuds': V
x. C.H —  OH--
I
OH I
o
OH  I +■
I I x
CHx— CH CHX CH— CH— CHX
( t y s  V  I :.n Y
o  J c o  x o- CO
(1) Z . flu* U ntersuch. <1.N&hrungs-und G e n u ssn itte l,1 0 ,5 2 8 .
(2) Z . p h ysio l.C h em .42 ,471 (1900).
(3) K utsoher and Lohnann. Z .p h y s io l. Chem.iS, 1 , (19oO)
(4) Z .  p h y s io l .  Chem. &§, 417 (1 9 0 8 ).
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This a c id  i s  then e s t e r i f i e d ,  in  the presence o f  
a lc o h o l and h ydroch loric  a c id  to  g ive  d ic a r n it in e  
d ie th y l  e s t e r  c h lo r id e .
CC CooCj-i5
I I(cHi)3 ■ ft • C fa • CH • CHX 
0
Chx'Ch CHX 
I I
Cc Coocxh6
The form ula fo r  the p la t in ic h lo r id e  o f  d ie  a m i t in e  
e th y l  e s t e r  i s  G,* Ea* N* Or Pt Cl* and d i f f e r s  by on ly  
two hydrogen atoms from the formula E u0 M* C5- F t  C l* , 
ascrib ed  by K utscher to  o b l it in e  p la t in ic h lo r id e .  By 
warming c a r n it in e  ch lo r id e  w ith  a lco h o l co n ta in in g  
h yd roch loric  a o id , Krimberg was able to  i s o la t e  a 
p la t in ic h lo r id e  very  s im ila r  to th a t o f  o b l i t in e  in  
m e ltin g  p o in t , s o l u b i l i t y  in  w ater, and a n a ly t ic a l  
d ata .
Engeland ^  e s t e r i f i e d  c a r n it in e  very e a s i l y  by  
a lc o h o lic  h yd roch loric  acid  on the w aterbath , and 
prepared a p la t in ic h lo r id e  s im ila r  to  th a t o f o b l i t in e  
and o f  Krimbergfs compound in  being d i f f i c u l t y  so lu b le  
in  c o ld  water ( c a r n it in e  p la t in ic h lo r id e  d is s o lv e s  
r e a d i ly  in  c o ld  w a te r ) . The a u rioh lor id e  o f  E ngelandfs 
e s t e r ,  however, d if fe r e d  from o b l i t in e  a u r ich lo r id e  in  being  
r e a d i ly  h ydrolysed  by water to  c a r n it in e  a u r ic h lo r id e .
Krim berg's su g g e s t io n  o f  e th ar  form ation  between two 
m o llcu le s  o f  c a r n it in e  b efore e s t e r i f i c a t lo n  was ch a llen ged  
by Engeland, who d en ied  the e x is te n c e  o f  a p reced en t fo r  
such a r e a o t io n , and su g g ested  th a t the e s t e r  whioh he and 
Krimberg had ob ta in ed  was sim ply  c a r n it in e  e th y l  e s t e r ,  a 
su g g e s tio n  to  which Krimberg E v e n tu a lly  agreed , w h ils t  
m ainta in ing  th a t  the e s te r  was id e n t ic a l  w ith o b llt in e #
O b llt in e , th en , seems to be the e th y l  e s t e r  o f  
c a r n it in e ,  formed from i t  during the p rocess o f  treatm ent 
o f  L ie b ig 's  meat e x tr a c t  employed by K utscher.
(1) B er. 4 2 , 2457 (1 9 0 9 ).
(2) B er. 3878, (1909)
The p # o  experim ents o f  Engeland on the o x id a tio n  
o f  c a r n it in e  and the two independent and stra igh tforw ard  
syn th eses  o f  ^3-hydroxy 2 r  butyrobetaine l e f t  l i t t l e  
doubt th a t th a t compound was not c a r n itin e *  I t  remained  
to sy n th e s ise  the hydroxy £b u tyrob e  ta in e  p o stu la ted  
as being c a r n it in e  by Engeland*
,t This ft sy n th e s is  was c a r r ied  out by E* F isch er and
Goddertz, I4*' s t a r t ih f f  from cYbromo X r  phthalim idobutyrio  
aoid* TJLiis was h yd ro lysed , by b o il in g  w ith  chalk  and 
w ater, to oh hydroxy £  phthalim idobutyrio  acid* B eating  
with 2 5 %  h ydroch loric  a c id  produced from th is  Arhydroxy 
_2_-aminobutyric a c id , whioh, m ethylated  w ith  m ethyl!od id e  
and a lc o h o lic  p o tash , y ie ld e d  hydroxy X *butyrobetaine*
Co
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1
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The be ta in e  was sep arated  as i t s  a u r ic h lo r id e ,  
which m elted  a t 175-176° (cor*) a f te r  s in te r in g  a t 162° 
( o o r . ) ^ ) ,  whereas n a tu ra l / - c a r n it in e  g iv e s  an 
a u r ich lo r id e  m e ltin g  a t 153*154°. The p la fc in ioh lor ld e  was 
prepared, and had the m eltin g  p o in t 216 (oor*) w ith  
decomposition?* a f te r  previous marked s in t e r in g ,  thus
(1) Ber# 43 , 3278 (1910 ).
(2) (/-Hydroxy J^butyrobetaine a u r io h lo r id e , prepared by 
the F isch er  -  Goddertz sy n th es is*  tod  r e c r y s t a l l i s e d  four  
tim es from water was found by Engeland (Ber (1921) 249) 
to  s o f te n  at 160-161 and m elt a t 166-171® according
to  the ra te  o f  h e a tin g .
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showing agreement w ith  the p la t in lc h lo r ld e  o f  c a r n it in e ,  
which m elts a t 214-218 w ith  decom position* Like 
c a r n it in e  p la t in ic h lo r id e , tbs p la t ln lc h lo r ld e  o f  
^hydroxy2 :b utyrob eta in e i s  very  so lu b le  in  water*
F isch er  and G&dderts found the p rep aration  o f  
the b eta in e  te d io u s , and, i t  seem s, were able to  
I s o la te  o n ly  sm all amounts. They proposed another 
method o f  p rep a ra tio n , namely ” to  con vert ^3-chloropropion- 
aldehyde through the cyanhydrine r e a c tio n  in t o h y d r o x y  
£ o h lo ro b u ty r lo  a c id , which can then be con verted  in to  
£amino a£-hydroxybutyric acid  and i t s  b e ta in e rt.
This proposal was made in  1910, S ince th a t time 
no fu rth er  mention o f  the sy n th e s is  has been made; i t
i s  th erefo re  to  be pres tuned th a t i t  proved u n su cc essfu l  
fo r  the sy n th e s is  o f  o£- hydroxy £  butyrobe ta in e •
In the p resen t s ta te  o f  knowledge o f  the su bstances  
F isch er  and Godderts Intended to  use as in term ed iate s ta g es  
in  the s y n th e s is ,  i t  seems hard ly l ik e ly  th a t  th e ir  
exp ressed  aim, to sy n th e s ise  s u f f i c i e n t  o f  the b e ta in e  
fo r  purposes o f  r e s o lu t io n  and o f  more exh au stive exam inatlc  
would have been achieved*
The i n i t i a l  su b stan oe , /3-ch loropropionaldehyde, 1a 
d i f f i c u l t  to  o b ta in , and polym erises w ith  g re a t ra p id ity *
In a paper on the a c t io n  o f  potassium  cyanide and 
ammonium ch lo r id e  cm c h lo r in a te d  a ld eh yd es, K* Raske '1 ) 
s ta t e s  th a t when hydrocyanic a c id  and /3-ohloropropionic  
aldehyde are mixed a t room tem perature, no r e a c tio n  takes  
p la c e , but th a t a t 3 7 ° , in te r a c t io n  p roceed s, not w ith  
production  o f  cyenhydrine but w ith  form ation  o f  a brownish  
black powder. Even when t r ie  thy lam ine, su ggested  by  
B ouveault (2) as a c a t a ly s t  in  th is  r e a c t io n , i s  p r e se n t ,  
form ation o f  brownish b lack  substanoe occurs very e a s i l y ,  
although the r e a c t io n  i s  enabled  to proceed a t room 
tem perature, Raske, cou ld  e f f e c t  union o f  the
aldehyde w ith hydrooyatue acid  by tr e a t in g  i t  w ith  an 
aqueous s o lu t io n  co n ta in in g  potassium  cyanide and ammonium 
c h lo r id e . The r e a c t io n  proceeds in  an unusual manner,
(1) B er .4 5 , 735. (1 9 1 2 ).
(2) A .ch . 1910, 3 , 419 ,
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the ^  amino 2 :© k l°ro b u ty ro n itr ile  whioh one would 
exp ect n o t b ein g  formed, ^-hydroxy j^ o h lo r o b u ty r o n itr ile  
r e s u lt in g  in stead *  This oyanhydrlne i s  ob ta ined  as a 
yellow  o i l  which co n ta in s about 1 0  per cen t o f  uncombined 
aldehyde according to  R aske, th is  p rop ortion  rem aining  
unattached when the oyanhydrlne i s  hydrolysed  by 
h ydroch loric  a c id .
The h y d r o ly sis  o f  the n i t r i l e  y ie ld e d  an a c id  
w h ic h ,a fte r  con sid erab le  p u r if ic a t io n  gave a n a ly t ic a l  
f ig u r e s  agreein g  w ith  those requ ired  fo r  <%-hydroxy 
jA ch lorob u tyric  a c id , but the y ie ld  under the b e s t  
c o n d itio n s  was o n ly  8 % o f  the t h e o r e t ic a l ,  c a lc u la te d  
on the aldehyde*
I t  w i l l  thus be apparent th a t o f  thft a e r ie s  o f  
sy n th e t ic  r e a c t io n s  proposed by F isch er  and Goddefct* 
fo r  the p rep aration  o f  o i- hydroxy £  butyrobe ta in e ,  the 
f i r s t  two, th o se , indeeT , where la rg e  y ie ld s  and con­
v e n ie n t prep aration  are most e s s e n t ia l  fo r  the su ccess  
o f  the s y n th e s is ,  g iv e  q u ite  minute y ie ld s .
The r e s u l t s  o f  the F lscher-G oddertz sy n th e s is  
are n ot co n c lu siv e*  The m elting p o in t and ea sy  
s o l u b i l i t y  in  w ater o f  the p la t in ic h lo r id e  o f  £-h yd roxy  
2 r  butyrobe ta in e  agree w ith  the p ro p er tie s  o f  the 
corresponding compound o f  c a r n it in e , but the a u r ich lo r id e  
o f  the base has a much h igh er m eltin g  p o in t than th a t o f  
c a r n it in e  a u r ic h lo r id e . i t  must not be fo r g o tten  
hpwever, th a t the substance sy n th es ised  by F isch er  and 
Goddertz co n ta in in g  as i t  does an asymmetric carbon atom, 
was in  the o p t ic a l ly  in a c t iv e  form, and th a t the p h y s ic a l ,  
and even to  some s l i g h t  e x te n t  the chem ical p ro p e r tie s  o f  the 
b eta in e  may a lt e r  when r e so lv e d  in to  i t s  o p t ic a l ly  a c t iv e  
eomponats; the m eltin g  p o in t o f  the a u r ich lo r id e  may 
e ith e r  r i s e  or f a l l*  according as to  whether the in a c t iv e  
form c o n s is t s  o f  a " d l  m ixture" or raoemlc compound o f  
the two o p t ic a l  a n tip o d es . The m eltin g  p o in t o f  the 
p la t in ic h lo r id e ,  one might sa y , would not a l t e r  much, for  
i t s  m eltin g  p o in t i s  r e a l ly  a temperature o f  decom position  
o f  the m olecule and thus dependent on more fundamental 
p ro p ertie s  o f  the m olecule than in  the case  o f  the 
a u r ich lo r id e  whioh m elts w ithout any decom position .
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„ The v a l id i t y  o f  the s y n th e s is  o f  F isoh er and
Godderts has been a d v erse ly  c r i t i c i s e d  by Engeland  
In the p rep aration  o f  /3-aminopropyl a lco h o l from 
^-bromo propylphthalim Tde, a p rocess s im ila r  to  th a t  
employed in  the sy n th e s is  o f  ^  hydroxy %; wninobutyric .p 
a c id  by F isch er  and G odderts, i t  was found by E .B e r lin  ' ' 
th a t not o n ly  ^3-aminopropyl a lc o h o l, but a lso  
d r  amino propyl a lc o h o l r e s u lt e d ,  th at i s  to  sa y , r e ­
arrangement o f  the m olecule occurred during h y d r o ly s is .  
Engelend th ere fo re  contended th a t the F ischer-G odderts  
sy n th e s is  l s  not to  be regarded as a ffo rd in g  r ig id  
p roof o f  the m olecular c o n s t i tu t io n  o f  the endproduot, 
s in c e  some rearrangem ent o f  the type observed by B e r lin  i s  
p o ss ib le  during h y d r o ly s is  o f  the 06-hydroxy 
7 -  phth& llm ldobutyrlc acid*
In the same paper Eng a land d escr ib ed  a r e a c t io n  
o f  c a r n it in e ,  which he con sid ered  to n e c e s s i t a te  recon­
s id e r a t io n  o f  the view s on the s tru c tu re  o f  the c a r n it in e  
m o lecu le . When c a r n it in e  i s  heated  w ith  con centrated  
su lp h u ric  a c id  to  130°, one m olecule o f  w ater i s  withdrawn 
from the c a r n it in e  m o lecu le , and an u nsaturated  be t a in e , 
a p o ca m tin e , l s  the r e s u l t .
The ap ooarn itin e wag is o la t e d  in  80-90% 
y ie ld  as the a u r io h lo r id e , whioh s in te r s  a t about 180°, 
and m elts w ith  decom position  a t 190-195°. No form ula  
was proposed fo r  a p o o a rn itin e , nor any view s as to i t s  
s tr u c tu r e , ex cep tin g  the statem ent th a t i t  i s  u n sa tu rated . 
Bromine was not absorbed by i t s  aqueous so lu t io n  but 
permanganate was reduced in s t a n t ly  a t ordinary tem peratures, 
although a t 3 -4 ° , d e c o lo r is a t io n  was o n ly  very grad u a l.
Apoc& m itine was a lso  obta ined  by Engeland by 
h ea tin g  c a r n it in e  w ith  hy dr io d ic  acid  and red  phosphorus, 
e ith e r  a t  15U.16G0 in  a s e a le d  tube or by m erely b o il in g  
in  an open v e s s e l ,  and he claim ed th a t the substance  
p r e v io u s ly  ob ta in ed  by Krimberg v ° 'in  the same way from 
c a r n it in e  and s ta te d  to be b utyrob eta in e was in  r e a l i t y  
a p o o a rn itin e .
(1) B e r .(1921) 249 .
(2) Z .  fu r  B io l .  §7 , 33 . Abs.Chem .S o c . (1911) 1 ,7 7 1 .
(3) Z. p h y s io l .  Chem. 53, 514, (19C 7).
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When ap ocarn itin e  was reduced w ith  h  ^ rogen in  
the presence o f  palladium  b la ck , 7j-butyrobe ta in e  was 
formed, as shewn by com parison o f  the a u r ich lo r id e  o f  
the product w ith  th a t o f  sy n th e t ic  7 /b utyrobeta in e •
Using o(-hydroxy %bptyrobetaine obtained  by 
the method o f  "Fischer and Goddertz engeland  repeated  
the treatm ent w ith  su lp h u ric  a c id . he found th a t the 
b eta in e  was unattacked under the co n d itio n s  employed 
to prepare a p o carn itin e  from c a r n it in e . When the 
b eta in e  was reduced by hydrlodlo a c id  and red  phosphorus, 
o n ly  to butyrobe ta in e  was formed.
England co n sid ered  th at the form ation  o f  
ap ocarn itin e  "was n ot in  agreement w ith  the formula 
1 have put forward" ( i-hydroxy T -butyrobetaine) • He 
did  not d e f in i t e ly  s t a t e  why the form ation  o f  ap ocarn itin e  
was incom patib le w ith  h is  e a r l ie r  form ula, but from h is  
paper th ere  seem to  be o n ly  two fa c t s  whioh can be used  
as ev id en ce a g a in st the a t-  hydroxy form ula; f i r s t l y ,  
f a t t y  ^-hydroxy acid s under the in flu e n o e  o f  dehydrating  
agents lo s e  the elem ents o f  form ic a c id  and fprm aldehydes; 
seco n d ly , experim ent shews th a t F isch er  and Goddertz'
hydroxy2rbutyrobetaine i s  unattacked by hot con cen trated  
su lp h u ric a c id , whioh dehydrates c a r n it in e .
Engeland now su g g ested  th at c a r n it in e  i s  a 
d er iv a tiv e  o f  is o -b u ty r ic  a c id , namely /3-hydroxy 
/5 -isob u tyrob e t a in e • ~
(Ch3)3 /V CHX----CH---CHxOH
o - - - - - - - - - - - - Co
This compound i s  a A  hydroxy a c id , and so would 
be l i k e ly  to  dehydrate r e a d ily  to form an unsaturated  
a c id . The o x id a tio n  o f  c a r n it in e  to  /3-hom obetaine 
mentioned e a r l ie r  ( p .£ ) was exp la in ed  by the form ation  
o f  a s u b s t itu te d  m alonic a c id  as f i r s t  o x id a tio n  prod uct. 
(ch3)3 A---- CM.—  CH—  CHxoh (c h ^  /y—  C M —
o --------- CO L _________
Like a l l  p o s i t iv e ly  s u b s t itu te d  malonic acid s  
thlfc *eadi3ay lo s e s  oarbon d ioxide* even by warming in  
aqueous s o lu t io n ,  y ie ld in g  homobe ta in e  •
(o/s)± N----- CHX— CH—  COOH (cHs)j /V—  C Hx— CHX
+  co^
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<^ H— C0,OH 
CO
The fo reg o in g  papes con ta in  a resume o f  the 
s ta te  o f  knowledge o f  c a r n it in e  at the commencement 
o f  th is  research*
The work o f  Engeland would a t  f i r s t  seem to  
in d ic a te  th a t the n ex t s te p  n ecessary  was the sy n th e s is  
o f  /3: hydroxy /3 -iso b u ty ro b eta in e , but a f te r  c a r e fu l  
exam ination  o f  Engeland’s view s and experim ents i t  seemed 
more d e s ir a b le  th a t the sy n th e s is  o f  ©(-hydroxy 
2jbutyrobetaine should  be ca r r ied  out by a method about 
which no doubt cou ld  e x i s t ,  so th at the p ro p ertie s  o f  
U -hydroxy £- b utyrob eta in e cou ld  be determ ined d e f in i t e ly ;  
fu r th e r , th a t r e s o lu t io n  o f  the be ta in e  in to  i t s  o p t ic a l ly  
a c t iv e  components was s t r i c t l y  n ecessa ry  to  render i t s  
comparison w ith  n a tu ra l la ev o ro ta ry  c a r n it in e  e f f e c t iv e *
The view s o f  Engeland on the apoe a m i tin e  form ation , 
and h is  la t e r  formula fo r  c a r n it in e ,  do n ot seem beyond 
c r it ic ism *
F ir s t l y  there i s  no very strong reason  why hydroxy 
bu tyro be ta in e  should  not lo se  water to  g iv e  an 
unsaturated  b eta in e*  The sim ple c(- hydroxy f a t t y  a c id s ,  
i t  i s  tr u e , are m ainly converted  in to  aldehydes when heated  
w ith  m ineral a c id , but another r e a c t io n  takes p lace  at the 
same tim e, namely, the dehydration o f  the hydroxy a c id  to  
g iv e  unsaturated  acid* There i s  no g rea t im p rob ab ility  
in  the su p p o sitio n  th a t the p ow erfu lly  e le c t r o p o s i t iv e  
tr im eth y l ammonium r a d ic le  p resen t in  hydroxy 
l r  b u tyrob eta in e may in flu e n c e  the r e a c t io n  w ith  s\|phurio  
a c id  so th at the <*/3-unsaturated ao id , which with the fa t t y  
oC- hydroxy acid s i s  a minor p roduct, becomes in  th is  oase  
the major.
n Secondly  the argument th a t ,  s in ce  F isch er  and 
Goddertz ’^ -hydroxy 7 -  butyrobe ta in e  i s  u n a ffec ted  by su lp h u ric  
a c id , c a r n it in e  cannot hav-e the same formula seems a 
t r i f l e  i l l o g i c a l ,  fo r  Engeland a few paragraphs p r e v io u s ly  
in  h is  paper, p ro d u c es  evidence tending to  sh*w th a t  
F isch er  and Goddertz 1 b eta in e  may not be G-hydroxy 
butyrobe ta in e  (see  pp* n+ ) .
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Another p o in t , a r is in g  from E n g e lo id 's  exp erim en ts, 
i s  d i f f i c u l t  to r e o o n c ile  w ith  h is  th eory . This l s  the 
fa c t  th a t a p o o a rn itin e , on red u ction  w ith  hydrogen y ie ld s .
2L-butyrobetaine. The compound which one would 
expect from c a r n it in e  having the /i-faydroxy ^riaobutyrobe ta in e  
form ula would s u r e ly  be isob u tyrob eta in e  derived accord ing  
to  the eq u a tio n s .
fashSY' CHX-CH Chxoh (Ch3)3MCivX'C :CHX (Ch3)2F- Chx- Cd- Cd3
O  OO o --------- CO o  Co
CLb*C±r*lti** /$-4iol<Jyfol>*ttu*e.
This form ation  o f  2rb u tyrob eta in e i s  d i f f i c u l t  to  
ex p la in  u n less  one assumes rearrangement o f  the unsaturated  
be ta in e  under the in flu e n c e  o f  the hot su lp h u ric acid  
to  form a s tr a ig h t  ch ain  unsaturated  be ta in e , a rearrange­
ment which must be regarded as o f  an unusual ty p e .
The fa c ts  mentioned by Engeland, n am ely ,th at ap ooarn itin e  
does not r e a c t  th  brom ine, and th a t i t  d e c o lo r ise s  
permanganate s lu g g is h ly  at low tem peratures speak w e ll  
fo r  the ££-u n sa tu ra ted  form ula fo r  apooarn itine g iven  
above .
Engeland’a sta tem en ts th at c a r n it in e  y ie ld s  
apooarn itine when b o ile d  w ith  h ydrlod le ac id  and red  
phosphorus., and th a t  the 21* butyrobe ta in e  i s o la t e d  by 
Krimberfe a f te r  tr e a tin g  c a r n it in e  in  the same way 
was in  r e a l i t y  apooarn itine may q u ite  p o s s ib ly  be 
erroneous. »
Both b e ta in es  were i s o la t e d  as th e ir  au rioh lor id e  s .
The d iffe r e n c e  between the m olecular w eights o f  
the a u r ic h lo r id e s  o f  apooarn itine and o f  £• butyrobe ta in e  
i s  that o f  two hydrogen atoms} hence comparison o f  the 
r e s u l t s  o f  elem entary a n a ly s is  i s  u s e le s s  fo r  d i f f e r e n t ia ­
t io n .  Even a p p lic a t io n  o f  the conmon t e s t s  fo r  u nsaturated  
bodies i s  not o f much v a lu e . The on ly  method o f  
com parison rem aining i s  th a t of exam ination  o f  the m eltin g  
p o in ts  o f  the a u r ic h lo r id e s  and th e ir  c r y s t a l l in e  form.
(1) Z .  p h y s io l . Chem. g3f 514, (1 9 0 7 ).
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Krimberg is o la t e d  an au rich lo r id e  o f  the  
product o f  red u ctio n  o f  c a r n it in e  the m eltin g  p o in t  
o f  which in  variou s samples la y  between 190° and 200°.
The m eltin g  p o in t o f  the a u r ich lo r id e  o f  Engeland9s 
ap oearn itin e i s  g iv en  as 190 -  195° (ob ta in ed  from 
c a r n it in e  by su lp h u ric  acid )*
W il ls ta t te r  U )  prepared X ^ u tyrob eta in e  
s y n th e t ic a l ly  by m eth y la tion  o f  2-am inobutyric a c id , 
and obtained  an a u r ich lo r id e  m eltin g  a t 176 • On 
r e p e t i t io n  o f  W ills ta t te r * s  s y n th e s is ,  Krimberg 
o b ta in ed  an a u r ich lo r id e  which m elted a t 182-184°.
The au rich lo r id e  was very c a r e f u l ly  compared c r y s t a l lo -  
grap h ie  a l l y  w ith  th a t o f  reduced c a r n it in e  by O ulew itsoh , 
and the two compounds were found to be id e n t ic a l .
S im ila r ly  the p la t in lc h lo r id e  o f  £-bufcyrobe ta in e was made 
and compared w ith  th a t o f  reduced ca r n it in e *  The m eltin g  
p o in t o f  the former was 221-223° w ith  decom position  
(W i1 1 sta tter , 224-225°) and th a t o f  the l a t t e r ,  212-213°  
w ith  decom position* C rysta llograp h ic  a l comparison  
o f  the two p la t in ic h lo r id e s  showed th e ir  I d e n t ity ,  and 
fu r th e r , the p la t in lc h lo r id e  o f  reduced c a r n it in e  did  
not d is so lv e  in  a sa tu ra ted  s o lu t io n  o f  the p la t in lc h lo r id e  
o f  7 -butyrobe ta in e  .
E ngeland ^  s o le  ground fo r  c la im in g  the product 
o f  red u ctio n  o f  c a r n it in e  w ith  hy dr io d ic  acid and red  
phosphorus as ap oearn itin e  i s  apparently the c lo se n e ss  
o f  the m e ltin g  p o in t o f  i t s  a u r ich lo r id e  to  th a t o f  
a p o cem itin e  au rich lor id e*
In view  o f the large amount o f  evidence brought 
forward by Krimberg and O ulew itsoh to show th a t the 
red u ctio n  product i s  7 -b u ty ro b eta in e , E ngeland9s c la im s  
must be accepted  w ith  r e s e r v e .
The a u r ich lo r id e s  and p la t in ic h lo r id e s  d escr ib ed  
by Krimberg c e r ta in ly  do not agree very  w e ll in  th e ir  
m eltin g  p o in ts  w ith  one another, but such v a r ia tio n s  o f
( l ) B e r .  3 5 ,  6 1 7 .
&
,9
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o f  m eltin g  p o in t are by no means uncommon amongst 
th is  type c f  compound; the v a r ia tio n s  in  the m eltin g  
p o in t o f  trim sthylam ine a u r ic h lo r id e , as s ta te d  by 
variou s workers may be c i t e d  as one exam ple.
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SECTION B.
Methods used  In t h is  Research fo r  the sy n th e s is  o f  
f a  hydroxy butyrobe t a in e , and in  the attem pted  
sy n th e s is  o f  Ahydroxy / f a iso b u ty r o b e ta in e •
Two methods were employed in  a tte n o tin g  to bring  
about the s y n th e s is  o f  f a  hydroxy butyrobe ta in e ,  the 
f i r s t  being u n su c c e ss fu l, the l a t t e r  s u d o e s s fu l.
The f i r s t  method u t i l i s e d  trlm athylene as i n i t i a l  
p r o d u c t!(1) H iis was to  be con verted  in to  tr im eth ylen e  
bromohydrine (1 1 ) , and the la t t e r  o x id is e d  to
^3-bronsopr op ion a ld eh yd e. ( I l l )  .
,/5-bromopropIonaldehy de was to be turned in to  i t s  
oyanhydrlne (v) through the sodintn b isu lp h ite  compound (IV ), 
and the oyanhydrlne cou p led  w ith  tr im eth y l amine to g iv e  
f a  hydroxy J;-dime th y lam in obu tjron itr ile  methylbromide (V I), 
the n i t r i l e  o f  o^hydroxy ^butyrobe ta in e  bromide (V ll)., 
whioh i t  would y ie ld  on h y d r o ly s is , according to the scheme
C to fl/ CHx&f ChxS y  (^ xN (cHs\ B y C fa N (c % )36 r
t o  _  t o  t o  t o  t o
Ch.oh C h o  C h o u  *" C n o W ~  Chou  *" Chou
I I I  I
S OxoNa. CH CH CooH
1 . 11 . 111 . IV. V. VI. V l l .
U nfortunately  the scheme f a i le d  a t the co n v ersio n  
o f  tr im eth y len e bromohydrine in to  ^-bromopropi on aldehyde •
When the bromohydrine was o x id ise d  w ith  chromic a c id  , 
i t  was e i th e r  u n attack ed , or converted  m ainly in to  /?>- 
bromopropionic a c id  accord ing to  the co n d itio n s  o f  the 
experim ent, and no b e t te r  r e s u l t s  were ob ta in ed  by the use  
o f  hydrogen peroxide w ith  or w ithout tr a ces  o f  ferrou s  
ir o n , or by a sp ir a tin g  a ir  or oxygen through the brorao- 
hydrine mixed w ith  f in e ly  d iv id ed  p latinum .
The tr im eth y len e bromohydrine u sed  was made in  
se v e r a l ways. The method describ ed  in  the l i t e r a t u r e ,  
o f  F ru h lin g , W  c o n s is t s  in  sa tu r a tin g  a m ixture o f  
tr lm ath ylene g ly c o l  and con stan t b o il in g  hydrobromie 
a c id  w ith  gaseous hydrobromie a c id , and su b seq u en tly  h ea tin g  
the m ixture under pressure a t 100° fo r  4 -5  h ou rs. This 
method was found very ted iou s when large  amounts o f  bromo­
hydrine were req u ired ; fo r  the sa tu r a t io n  o f  500 gms
I
Chx
c Hxo h
(1) to. 6 9 7 *
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tr im eth y len e g ly c o l  and 2 1 0  gms constant b o ilin g  
hydrobromlo acid  took three days to  accom plish* The 
y ie ld ,  to o , i s  poor*
The most con ven ien t method o f  making tr im eth y len e  
bromohydrine was found in  adapting the process fo r  
making eth y len e  bromohydrine d escrib ed  in a  Royal 
S o c ie ty  Report W  • In  th is  p r o c e ss , e th y len e  a ce ta te  
i s  trea ted  w ith  one m olecular proportion  o f  dry 
hydrogen bromide* F thylene brom acetate r e s u l t s ,
CH* BF • CH  ^ OOCCF3 , The a c e ty l  group i s  removed by 
b o il in g  the brom acetate with anhydous m ethyl a lc o h o l, when 
m ethyl a ce ta te  and e th y len e  bromohydrine are formed*
The*procedure in  the p rep aration  o f  tr im eth ylen e brorao- 
hydrlne was s im ila r  to  th a t recommended fo r  e th y len e  
bromohydrine excep t in  two in sta n ces*  The a ce ta te  was 
made by the a c tio n  o f  a c e t ic  anhydride on the g ly c o l  
in s te a d  o f  by h ea tin g  the bromide w ith  potassium  aceta te*
The y i e ld  o f  a ce ta te  by th is  method was 77% in  ths one 
experim ent c a r r ie d  o u t , 228 gms o f  g ly c o l  g iv in g  370 gras 
o f  a c e ta te , b.£. 1C7/30 mm. I t  i s  recommended in  the 
l i t e r a tu r e  th a t e th y len e  brom acetate be tr ea ted  w ith  
70 volumes o f  m ethyl a lcohol*  With trim ethylene  
brom acetate, much sm a ller  amounts o f  a lco h o l were 
employed, 1 0 0  gms brom acetate b ein g  b o ile d  6  hours w ith  
1 0 0  gms methyl a lc o h o l, by which means a y ie ld  o f  46 gras 
bromohydrine, hfx 89 -91 /25  ran. or 60% o f  the t h e o r e t ic a l ,  
c a lc u la te d  on the tr im eth ylen e a ce ta te  used  was obtained*  
When twice the above p rop ortion  o f  m ethyl a lco h o l was used , 
the y ie ld  o f  tr im eth y len e bromohydrine was 54*7% so th at  
w ith  tr im eth y len e bromohydrine, in orea sin g th e  
co n cen tra tio n  o f  m ethyl a lco h o l above th a t used in  the  
f i r s t  in sta n ce  d id  not g iv e  an in creased  y ie ld *
The e f f e c t  o f  u sin g  an a lco h o l o f  g rea ter  
m olecular w eight as h y d ro ly tic  agent was tr ie d  by u sin g  
normal b u ty l a lco h o l in  p lace o f  the m ethyl a lc o h o l,  
but i t s  use was found l e s s  advantageous than th a t o f  
m ethyl a lcoh o l*  15C gms tr im eth ylen e brom acetate and 
280 gms normal b u ty l a lc o h o l (about the same m olecu lar  
co n cen tra tio n  o f  a lco h o l as th a t in  the f i r s t  experim ent) 
gave a 47»g% y ie ld  o f  bromohydrine* In the three  
experim ents quoted above the brom acetate was o f the 
same batch  and the time o f  h y d r o ly s is , 6  hours on the 
w aterbath in  each case*
Rework to Royal Society War Commikee, (Chemical) quoted, by Borrow ch fC an d  
' ' Carr in "Organic Medicinal Chemicals" (fialliere Tindall an d  Cox, ^ 2/) jo./oif..
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G lycero l (1) served  as b a s is  fo r  the second, 
s u c c e s s fu l  sy n th e s is  o f  ^ hydroxy butyrobe ta in e . The 
g ly c e r o l  was con verted  in to  a c r y lic  aldehyde (11) and 
t h i s ,  by treatm ent w ith  a lco h o l and hydrogen c h lo r id e ,  
in to  A -ch loropropion  aldehyde d ie th y la o e ta l  (1 1 1 ) . The 
l a t t e r ,  when hydrolysed  w ith  due p recau tion  by water i s  
q u a n t ita t iv e ly  con verted  in to  ^ -ch lorop rop ionald eh yde (IV ). 
This was n ot i s o la t e d ,  but con verted  a t once in to  i t s  
sodium or potassium  b is u lp h ite  compound (V) • /-H yd roxy
7 -c h lo ro b u ty ro n itr ile  (VI) was prepared from th ese  by 
in te r a c t io n  w ith  m e ta llic  cy a n id e , and trim s thy lamina 
added on to the n i t r i l e  to form o£ hydroxy 2:dimethylaminc- 
b u ty r c n itr i le  m eth y lch lor id e  (V ll)  . This when hydrolysed  
by d ilu te  h yd roch loric  a c id  gave the c h lo r id e  o f  o£-hydroxy 
2% Hu tyro be ta in e  (7111) • The fo llo w in g  diagram 3hews 
the scheme o f  the s y n th e s is :*
C^OH <^ !x y c c  C(IXU
Chon Cu Chx
Cm xo u * CH(o Cxu^  Cu o~
cnxai &HJX
ktlxi
CHOU CuoH Chou CHOU
S o y a e.N
i
Cn CoOH
(1) (11) (111) (IV) (V) (VI) (V ll) (V ll l )  .
For the p rep aration  o f  a c r y lic  al$q£yde, two
o f  Moureu
p ro cesses  t r ie d ,  th a t o f  lo h l  and V y lo v l', and th a t
In  the process o f  Wohl and Kylo an e l e c t r i c a l l y  
h eated  tube co n ta in in g  auhydrous magnesium su lp h ate  i s  
u sed . G lycero l vapour i s  passed  over the h ot su lp h ate  and 
i s  o a ta ly t ic & lly  dehydrated by i t  to a c r y lic  a ldehyde.
& 60% y ie ld  i s  cla im ed  by the Authors, but th is  has not been  
ach ieved  in  the p rese n t R esearch , the b e s t  y i e ld  obtained  
having been 51*5% and the average about 45%, as w i l l  be 
shewn in  the experim ental s e c t io n .
1) B er. 46 , 2043.
2) Ann dTTThimie, (1921) 158.
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Subsequently the method o f  Moureu was adopted*
This i s  a m o d ific a tio n  o f  the c la s s i c a l  method o f  
d i s t i l l i n g  g ly c e r o l  w ith  potassium  b isu lp h a te*  One 
m o d ifica tio n  c o n s is t s  in  m ixing w ith  the potassium  
b isu lp h a te  one f i f t h  i t s  w eight o f  normal su lp h a te , 
which has the e f f e c t  o f  d im in ish in g  the otherw ise  
la rge  amount o f  sulphur d iox id e  evo lved  along w ith  the 
a c r y lic  a ldehyde, and o f  in c r e a s in g  the l i f e  o f  the 
c a ta ly s t*  M echanical s t i r r in g  i s  a lso  employed and the  
p rocess i s  made continuous by rturning in  fr e sh  g ly c e r o l  
as th a t in  the r e a c t io n  v e s s e l  becomes con verted  in to  
a c r y lic  aldehyde* A most im portant p o in t d iscovered  
by Moureu i s  th a t p o ly p h en o ls , and a ry l oarb o x y lic  ac id s  
when added in  sm all tr a c e s  to a c r y lic  a ldehyde, p resen t  
form ation  o f  polym eric " d isa o ry l" , to which a c r y lic  
aldehyde i s  very l ia b le *  The use o f  sodium b icarbonate
in s te a d  o f  lea d  oxide to remove a c id ic  bod ies from the 
crude a c r y lic  aldehyde i s  noteworthy*
Q u a n tita tiv e  experim ents on the y ie ld s  o f  a c r y lic  
aldehyde ob ta in a b le  by the Moureu process have not been 
ca rr ied  out in  th is  R search, but the y ie ld s  obtained  
appeared to  be about those cla im ed  (tw o -th ird s  t h e o r e t ic a l ) ,  
although  the ra te  o f  working cla im ed  by Moureu seems a 
t r i f l e  h igh (4 -5  Kg a s r o le in  in  10 hours) the b e s t  y ie ld  
ob tained  by the author having been c & . 2100 gms in  10 hours*  
Commercial brown g ly c e r o l  was used* The crude a c r y lic  
aldehyde obta ined  in  th is  process gave when r e d i s t i l l e d  
very  l i t t l e  lo w -b o ilin g  f r a c t io n ,  the g r e a t  bulk d i s t i l l i n g  
at 5 3 -5 4 ° , and having a very sm all resid u e*
/3-G hloropropion& l iehy de Die th y lace  U tl •
In view  o f  the importance o f  o b ta in in g  good 
y ie ld s  in  th is  s t a g e ,  the p rep aration  o f  the a c e ta l  was 
s tu d ie d  w ith  care*
The only way by Which the a c e ta l  has been  
p rev io u s ly  made i s  by s lo w ly  dropping a c r y lic  aldehyde 
in to  tw ice i t s  volume o f  ab so lu te a lco h o l sa tu ra ted  with  
dry hydrogen c h lo r id e , the m ixture being k ep t a t low  
tem peratures by a fr e e z in g  m ixture* Crude a c e ta l  sep a ra tee  
out as an o i l  and i s  removed* The amount o f  crude ace t e l  
i s  g iven  as 235 gms from 100 gms* a c r y lic  aldehyde (80% 
tiieory) (1) . The crude a c e ta l  i s  fr eed  from hydrogen / 
ch lo r id e  e i th e r  by dry f i n e ly  powdered sodium b icarbonate ' 2 '
(1) V'Ohl, B a r .31 , 1797.
(2) Ibid* —  -2 3 -
o r  by oaloium  carbonate and d r ied  over c a u s t ic  
potash b efore d i s t i l l i n g .  The y i e l d  o f  pure a c e ta l  
i s  not s t a t e d .
The experim ents o f  ftohl and JSmmerioh were 
re p e a ted . I t  was found th a t ,  u sin g  56 gms. o f  a o r y llo  
ald eh yde, the amount o f  crude a c e ta l  wag about th a t  
g iven  by v*ohl, but the y ie ld  o f  a c e ta l ,  b.]b. 83-86/30nra., 
ob ta in ed  a f t e r  p u r if ic a t io n  and re d i s t i l l a t i o n  o f  the 
crude produot was o n ly  17*6 gms. or 29*4% t h e o r e t ic a l .
The y ie ld s  f e l l  o f f  on in c r e a s in g  the q u a n t it ie s  o f  
a c r y lic  aldehyde u n t i l  when 552 gms a c r o le in  were 
em ployed, on ly  166 gms. a c e ta l  or 16»9& th e o r e t ic a l  
y ie ld ,  were o b ta in ed , having the b .p . 8 9 -9 4 /5 4  mm. In  
a l l  th ese  exp er im en ts , a very large  r e s id u e  was ob ta in ed  
which c o n s is te d  m ainly o f  ^3-ohlorpropionaldeohyde in  
a polym erised  form. S eriou s lo s s  o f  a c e ta l  thus occurs
in  t h is  method o f  p rep a ra tio n .
During the p rep aration  o f  ^S-chloropropionaldehyde 
d ie th y l a c e ta l the fo llo w in g  r e a c tio n s  may be regarded as
concurrent
(a) A ddition  o f  hydrogen ch lo r id e  to  a c r y lic  a ldehyde, 
w ith form ation o f  /6 -ch iorop rop ionald eh yd e.
CH,t C U  - CHO +  H31 — CH* Cl • Chx - CHO
(b) A c e ta l is a t io n  o f  the ^ -ch lorop rop ion a ld eh yd e by alcoh<J
CH* Cl * CE** CHO H6- OH ^  C H* Cl • CH*« CH ((XJ£ Ip* *+■ H*Q*
(c) A c e ta lis a t io n  o f  a c r y lic  aldehyde
CH*: CH* CH0 + 2C*H* OH ^  CH*/. CH-CH (GC* flff)* + H * 0 .
(d) A ddition  o f  hydrogen c h lo r id e  to  a c r y lic  a c e ta l
CH*: C H * CH (OC* H5 )x 4- HCl * CH*C1 • CH*CH (00* H5)*
R eactions (a) and (b) are to  be ex p ec ted , but in  
view  o f  the fa c t  th a t no mention i s  made in  the l i t e r a t u r e  
o f  the d ir e c t  ace t a i l s  atfcn o f  a c r y lic  aldehyde by ethyl 
a lc o h o l, r e a c t io n s  (c) and (d) may appear p ro b lem a tica l.
(1) wohl, Emmerioh, B er .5 5 , *761 .
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I t  i s  found however th a t when dry hydrogen oh lorid e i s  
s lo w ly  passed in to  a m ixture o f  a looh ol and a o ry lio  
aldehyde, a few minutes a f te r  the gas has commenced to  
e n te r , a very  v igorou s e v o lu tio n  o f  heat o ccu rs , a ften  
s u f f i c i e n t  to cause some a c r y lic  aldehyde to  d i s t l } 6 f f  
in  s p it e  o f  the r e a c tio n  v e s s e l  b ein g  w e ll  c o o le d . The 
amount o f  hydrogen c h lo r id e  whioh has en tered  i s  much 
too sm all to allow  o f  i t s  h eat o f  s o lu t io n  or the heat 
o f  i t s  a d d itio n  to  a c r y lic  aldehyde to  be used to ex p la in  
the phenomenon. M oreover, when th is  f i r s t  ou tb u rst has 
su b sid ed , fu r th er  heat e v o lu tio n  i s  uniform  and e a s i l y  
manageable* The on ly f e a s ib le  exp lan a tion  is  th a t  the  
sm all q u a n tity  o f  hydrogen c h lo r id e  which has en tered  
o a ta ly s e s  the r e a o tio n  between a c r y lic  aldehyde and a lo o h o l 
With form ation  o f  some a c r y lic  a c e ta l and water*
On exam ination  o f  these four eq u a tio n s , s e v e r a l  
p o te n t ia l  sources o f  lo s s  o f  a c e ta l are d iscovered*
A ddition  o f  hydrogen oh lorid e  to  a o ry lio  aldehyde 
i s  undoubtedly very rapid* On the o th er hand, a o eta lisfr -  
t lo n  o f  the /6-chloroproplonaldehyde formed i s ,  by analogy  
w ith other a c e ta i ls  a t io n s ,  a r e a c tio n  w ith  a n otab le  time 
fa c to r , r e v e r s ib le ,  in com p lete . /5-ch loropropionaldehyde i s  
in  the monomolecular form h ig h ly  u nstab le e s p e c ia l ly  In  the 
presence o f  a c id s , and r e a d i ly  forms the tr im erio  a ldehyde, 
which no lon ger p o sse sse s  the powercf forming  
/3-chloroprcpionaldehyde d ie th y la o e ta l*
I t  fo llow 8  th e r e fo r e , th a t i f  the ra te  o f  forma­
t io n  o f  the /3-chloropropionaldehyde be fa s te r  than i t s  
con version  to  a c e t a l ,  free  0 hioroaldehyde w i l l  accumulate 
in  the system  and, coming in to  co n ta c t w ith  hydroch loric  
ao id  w i l l  run g rea t r is k  o f  p o ly m er isa tio n . Hence one 
e s s e n t ia l  p recau tion  in  the r e a c t io n  becomes apparent; 
the hydrogen ch lo r id e  must not be added too rap id ly*
The procedure o f  Wohl and Emmerich , whereby 
a c r y lic  aldehyde i s  dropped in to  a lco h o l sa tu ra ted  w ith  
hydrogen c h lo r id e , i s  very  bad from th is  p o in t o f  view .
( 1 )  l o c .  c  1 1  *
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The very g rea t co n ce n tra tio n  o f  hydrogen o h lo r ld e  
must ensure in stantaneous con version  o f  tha a c r y lic  
aldehyde in to  ^ -ch lorop rop ionald eh yde, and the ra te  
o f  a o e ta lia a t io n  o f th is  oannot keep pace w ith  the 
r t t e  o f  form ation  o f the aldehyde} th is  may, in p a r t ,  
ex p la in  the form ation  o f  the large amount o f  polym erised  
/3-ohloropropionaldehyde by th is  method.
p o ly m erisa tio n  o f  a c r y lic  aldehyde by the a c id  
p resen t i s  to  be looked f o r .  dm all q u a n tit ie s  o f  a 
substanoe s im ila r  in  appearanee to  dls&csyl are found  
in  the crude a o e ta l  a f t e r  an o p era tio n , but even when 
1 Kg. o f  a c r y lic  aldehyde i s  tr e a te d , the amount o f  
substance found i s  l e s s  than 5 grams. One may argue 
from th is  th a t the hydrogen ch lo r id e  i s  absorbed so  
r a p id ly  and com p lete ly  th a t the co n cen tra tio n  o f  hydrogen 
c h lo r id e  p resen t in  the system  i s  not g re a t enough to  
have much e f f e c t  on the a c r y lic  aldehyde from the p o in t  
o f  v ie s  o f  p o lym erisa tion  to  d ls a c r y l .
Cue more p o te n t ia l  source o f lo s s  o f  a o e ta l  
rem ains. When the s tr o n g ly  a c id  crude a o e ta l i s  
n e u tr a lis e d  by sodium b ica rb o n a te , calcium  carb on ate , or 
indeed any a lk a l i  which on combining w ith  the free  ac id  
l ib e r a te s  w ater, th is  w ater, i f  in troduced  in to  the system  
w h ils t  the l a t t e r  i s  a t i l l  s o ld , may d isp la ce  the 
eq u ilib riu m
ICxUsW
CHX Cl • CH* CHG-fH^^r CH^Cl • CH^CH (0CX H,)x+ Hx0
fran  r ig h t  to  l e f t ,  th at i s ,  i t  may p a r t ia l ly  hydro­
ly s e  the a o e ta l ,  Oa th is  account lo c a l  a c id i ty  during  
n e u tr a l is a t io n  i s  to  be avoided a t a l l  c o s t s .  The 
sodium b icarbonate and ca lc iu m  carbonate recommended by 
Wohl and Earnerioh are disadvantageous on account o f  th e ir  
slow  a c t io n , the water formed in  the n e u tr a lis a t io n  
having thus time to become a c id .
As a r e s u l t  o f  exam ination o f  the probable 
r e a c t io n s  oc cu rin g  during the p rep aration  o f  the a c e t a l ,  
i t  was concluded th a t the fo llo w in g  causes o f  lo s s  o f  th i  
a o e ta l might e x is t* *
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(a) Polymaria a t io n  o f  ,/3-chloropropionaldehyde b efore i t  ie
a o e t a l is e d .
(b) Incom plete a c e t a l is a t io n  o f  th e /3 -ch lorop rop ion a ld eh yd e.
(c) (To a sm all e x te n t)  p o lym erisa tion  o f  a c r y lic
aldehyde.
(d) Losses in  n e u tr a lis a t io n  o f  the a c e ta l  through lo c a l
a c id i t y .
The remedy adopted fo r  (a) and (o) was to  s t a r t  
w ith  a c r y lic  aldehyde and a lo o h o l fr e e  from a c id  and 
to  pass in  hydrogen c h lo r id e  ra th er  s lo w ly . The lo s s e s  
incurred  in  (b) may be d im inished  by removing e i th e r  the  
a c e ta l  or the water from the sphere o f  r e a c t io n . In  
p r a c t ic e , dry calcium  ch lo r id e  was d is s o lv e d  in  the 
a lco h o l b efore  p a ss in g  in  the hydrogen ch lo r id e ; th is  
combined w ith , and removed as in so lu b le  ca lciu m  oh lorid e  
hydrate the water formed in  the r e a c t io n . The 
u t i l i s a t i o n  o f  oalolum  ch lo r id e  in  the d ir e c t  
a c e t a l is a t io n  o f  aldehydes has been made b e fo r e , but 
only w ith  f a t t y  sa tu r a te d  a ld eh ydes, and i t s  use in  t h is  
type o f  a c e t a l i s a t lo n  i s  new, but as s u c c e s s fu l  as w ith  
the sim p ler type o f  r e a c t io n . The cheaper 96% a looh o l 
may be used  as advantageously  as a b so lu te  a lc o h o l,  
provided th a t the water in  the a lc o h o l be in clu d ed  in  the 
estim a tio n  o f  the amo&nt o f  calcium  ch lo r id e  req u ired  to  
combine w ith  the water formed in  the r e a c t io n . This 
amount was f i n a l l y  taken as ra th er  l e s s  than the amount 
req u ired  fo r  form ation  o f  G aci%:6H^0, assuming the r e a c t io n  
to go to  com p letion . Experiments wherein g rea ter  
p roportions o f  ca lciu m  c h lo r id e  were used  gave decreased  
y ie ld s ,  th u s , when the calcium  ch lo r id e  was p resen t in  the 
p rop ortion  CaCl*.- Hx0 , the y ie ld  was o n ly  33*9%
(113 gms* a c e ta l  from 112 gms a c r y lic  a ld eh yd e), and a 
43*9% y ie ld  was o b ta in ed , 1045 gms. a c e ta l  from 800  
gms. a c r y lic  a ld eh yde, when the prop ortion  was 
Caclx, : 5*66 R*.0* O bservations o f  a s im ila r  natura 
have r e c e n t ly  been made in  the p rep aration  o f ord in ary , 
a c e ta l  from a ce ta ld eh y d e , a lo o h o l and calcium  c h lo r id e ' ;
(1) Adkins and H lssen , J*Am* C .S .44  2749 (1922)*
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1The reason  may be th a t  too  muoh calcium  ch lo r id e  causes  
removal o f  a lco h o l from the sphere o f  r e a o t io n  as calolum  
ch lo r id e  a lco h o la te*
For the n e u tr a l is a t io n  o f  the orude a c e ta l ,  i t  was 
found th a t a c o ld , f a i r l y  stro n g  s o lu t io n  o f  c a u s t ic  
soda gave rap id  and e f f e c t iv e  n e u tr a l is a t io n ,  and by i t s  
use the d isadvantages a tten d in g  the employment o f  sodluji 
bicarbonate and calcium  carbonate a lread y  mentioned are 
a b sen t.
To determ ine whether the use o f  th is  substance as 
n e u tr a lis in g  agent lead s to  any g rea t lo s s  through lo c a l  
a c id i t y ,  th ree  com parative experim ents were c a r r ied  o u t .
In  a l l  th e8e the a c e ta l  was prepared by sa tu ra tin g  a m ixture 
o f  about 500 gms. a c r y lic  aldehyde and 600 gms. a lc o h o l  
w ith  hydrogen c h lo r id e . The crude a o e ta l whioh sep arated  
was n e u tr a lis e d  by th ree  d if f e r e n t  methods o f in crea s in g  
e f f e c t iv e n e s s  u sin g  c a u s t ic  soda s o lu t io n  as the n e u tr a l is in g  
medium. In  the f i r s t  experim ent the crude a c e ta l  was 
poured in sm all p o rtio n s in to  the c a u s t ic  soda, the l a t t e r  
being s t ir r e d  meanwhile by a g la s s  rod and kept below 20° 
by Ju d ic iou s a d d itio n  o f  i c e .  In  the second experim ent, 
the crude a c e ta l  was s lo w ly  run in to  the m ech an ica lly  
a g ita te d  co ld  o a u s t lc  soda through a narrow tube reach in g  
underneath the c a u s t ic  sod a .
In  the th ird  experim ent, the apparatus shown in  
f ig u r e  o  was em ployed. This c o n s is te d  o f  a long p iece  
o f  g la ss  tub ing; a t one end a sm all bulb was blown, 
and to  th is  bulb four ho llow  h o r izo n ta l arms were s e a le d .
An angle o f  90° e x is t e d  between ad jacent arms. The ends 
o f  these arms were drawn down to  f in e  j e t s .  The tube was 
converted  in to  a m echanical s t i r r e r  by f i t t i n g  the u su a l 
p u lley  and b ea r in g . To the to p , open end o f  the tube a 
sh o rt t h i s t l e  fu n n el was a ttach ed  by th ick  w alled  rubber 
tu b in g , which made a s t i f f  u n ion .
In o p era tio n , the s t i r r e r  was immersed in  the c o ld  
c a u s tic  soda s o lu t io n  and s t ir r in g  s ta r t e d .  2he four  
arms caused e f f i c i e n t  a g i t a t io n .  Crude a c e ta l was now 
dropped In to  the t h i s t l e  fu n n el from a top -fu n n el f ix e d  
above i t .  The l iq u id  ran down the s t i r r e r  and reaching  
the bottom was e je c te d  by c e n tr ifu g a l  fo rce  through the 
J ets  a t the ends o f  the arms in  a f in e  stream , thus 
e f f e c t in g  very  rap id  and com plete n e u tr a l is a t io n .
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9In th ese  three experim ents, a gradual in crea se  
in  the e f f i c i e n c y  o f  n e u tr a l is a t io n  o f the drude a o e ta l  
was o b ta in ed . I f  n otab le  lo s s e s  due to  lo c a l  a c id i t y  
are incurred during n e u tr a l is a t io n  by c a u s t ic  sod a , one 
would exp ect to  f in d  co n sid era b le  d if fe r e n c e s  in  the 
y ie ld s  by the three methods o f n e u tr a l is a t io n .
A ll three experim ents gave y ie ld s  o f about 17%.
The lo s s  due to  lo c a l  a c id ity  i s  hence probably t r i f l i n g .  
Later exp er ien ces w ith  the a o e ta l have confirm ed th is  v iew . 
The pure a o e ta l i s  ex c eed in g ly  s ta b le }  i t  has been h eated  
at 100° fo r  h a lf  an hour w ith  water co n ta in in g  a trace o f  
h yd roch loric  ac id  w ithout n o tic e a b le  h y d r o ly s is , although  
when th is  o cc u r s , i t  proceeds r a p id ly . I t  i s  probable 
th a t when the n e u tr a lis a t io n  i s  ca rr ied  out w ith  c a u s t ic  
sod a , l i t t l e  or no h y d r o ly sis  o ccu rs , p rovid in g  th a t the 
c a u s t ic  soda i s  not perm itted  to  become h o t, and th a t i t  
l s  w e ll a g ita te d  to  b rin g  the a o e ta l r a p id ly  in to  
in tim ate  co n ta c t w ith  i t *
C onversion of/v3-chloroproplonaldehyde d ie th y la o e t a l  
in£/% 3-chlor opropional denyde 7
The p rep aration  o f  ^ o h lo ro p ro p io n a ld eh y d e  from 
i t s  a o e ta l h as^ p rev lou sly  been d escr ib ed  in  the l i t e r a t u r e .
The f i r s t  experim ents were c a r r ie d  out in  the 
u su a l way fo r  the h y d r o ly sis  o f  a c e t a ls .  The a o e ta l was 
h eated  w ith  w ater, e i t h e r  pure or f a in t ly  a c id , in  large  
ex cess  over the amount req u ired  by th eo ry . Using sm all 
q u a n tit ie s  o f  a o e ta l the h y d ro ly sis  cou ld  be ca r r ied  out 
w ithout much p o lym erisa tion  (20 gms. a o e ta l)  but the 
aldehyde went in to  s o lu t io n  in  the large bulk o f  aqueoud 
a lc o h o l r e s u lt in g  from the h y d ro ly sis  and cou ld  not 
e a s i ly  be sep a ra ted . In  any case d ir e c t  e x tr a c t io n  and 
i s o la t io n  o f  the aldehyde would be d isadvantageous on 
account o f i t s  rap id  p o ly m er isa tio n . When la rg er  
q u a n tit ie s  o f  m a ter ia l were used (355 gms, a c e ta l 355 gms, 
water) a v io le n t  r e a c t io n  s e t  in  when the reagen ts were 
heated  to geth er  and the r e a c t io n  product was a cake o f  
brown fr ia b le  su b sta n c e , c o l le c t e d  a t the bottom  o f  the 
v e s s e l ,  No aldehyde was i s o la t e d .
Attempts were made to hydrolyse the a o e ta l  
d ir e c t ly  to  the b is u lp h ite  compound. For t h i s  purpose, the  
a o e ta l e ith e r  pure o t  d i lu te d  w ith  e th e r  was v io le n t ly  
churned w ith  co n cen tra ted  sodium b is u lp h ite  s o lu t io n .
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h o  h y d r o ly s is  could  be d e te c ted  a f te r  a day's a c t io n ,  
even when the temperature o f  the m ixture was r a is e d  to  
4 0 ° .
I t  was found, when the a c e ta l was mixed w ith  the 
th e o r e t ic a l  amount o f  d i s t i l l e d  water n eoessary  fo r  
i t s  h y d r o ly s is  and h eated  on the w atsrbath , th a t a f t e r  
some tim e , varying between a few m inutes and an hour, 
r e a c t io n  s e t  in* The p rev io u s ly  immisoble water and 
a c e ta l  la y ers  c o a le sc e d , and a lco h o l began to  r e f lu x ,  
w h ils t  the pungent, c h a r a c te r is t ic  odour o f  
/3-ch loropropionaldehyde became m anifest*  The mixture 
grad u ally  turned y e llo w ish , and a f te r  long h e a t in g , dark 
orange.red* W hilst the l iq u id  was yellow  or l i g h t  
orange in  c o lo u r , i t  was q u lok ly  c o o led  and poured in to  
sa tu r a te d  aqueous b is u lp h ite  so lu tio n *  C onsiderable  
e v o l t  io n  o f  h ea t took p lace  when the a c e ta l  and the 
b is u lp h ite  were shaken together*  On sta n d in g , a la y e r  
o f un& ttacked^chloropropionaldehyde d ie th y la c e ta l  
rose to  the su rface*  This was removed and heated  agdn 
w ith  the th e o r e t ic a l  amount o f  watet* n eoessary  to  
h ydrolyse i t ,  and the product o f  h y d r o ly s is  subm itted  to  
the seme c y c le  o f  o p era tio n s as before* A fter  four such  
f r a c t io n a l  h yd ro lyses on ly  a few grams o f  unhydrolysed  
a c e ta l  remained* C onversion in to  the sodium b is u lp h ite  
compound o f  ^3~ohloroproplonaldehyde must be alm ost com p lete , 
fo r  i f  the polym eric /3-ohloropropionaldehyde were formed 
i t  would be in so lu b le  in  the b isu lp h ite  so lu tio n *
The potassium  b isu lp h ite  compound was made in  
e x a c t ly  the same way* When the s o lu t io n  o f  the sodium  
b is u lp h ite  compound i s  a llow ed to stan d  fo r  some tim e , 
the s o l i d  o y s t a l l l s e s  out* The potassium  b isu lp h ite  
compound, on the o th er  hand, i s  very e a s i l y  so lu b le  in  w ater, 
and can on ly  be obtained  by p r e c ip ita t in g  i t  from i t s  
aqueous s o lu t io n  by a d d itio n  o f much e th y l  a lcoh ol*
p rep aration  o f  o(-Hydroxy Y -ch lo ro b u ty ro n ltr lle
from the fe lsu lp h lte  Compounds o f/3ch lorop rop ionald eh yd e *
The n i t r i l e  has been p rev io u sly  is o la t e d  in  an 
impure s ta t e  by Raske ( se e  pp /*,/£ ) by the a c tio n  o f  
potassium  cyanide and ammonium ch lo r id e  in  aqueous 
s o lu t io n  on the fr e e  aldehyde*
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The n i t r i l e  used in  th is  Research was prepared 
by tr e a t in g  the b is u lp h ite  compounds o f  
/A ohloropropionaldehyde in  aqueous s o lu t io n  w ith  an 
aqueous s o lu t io n  o f  a m e ta llic  ay  a n i le ,  and was 
ob ta ined  a n a ly t ic a l ly  pure by d i s t i l l a t i o n  a t low 
pressure*
The sodium b is u lp h ite  compound was employed f i r s t .  
I t s  s o lu t io n ,  ob ta in ed  in  the h y d r o ly s is  o f  the a c e ta l  
was em ployed, s in c e  no in crea se  in  y ie ld  was ob ta in ed  
by u sin g  the s o l id  compound. Various cyan id es were 
used -  commercial sodium cy a n id e , 95% and 92% potassium  
•y a n id e , and "double 4XON, 2NaON. Whatever
cyanide was u sed , the y ie ld s  o f  pure n i t r i l e  were 
g e n e r a lly  c lo s e  to  the average o f  3u% o f  the th e o r e t ic a l .  
Some o f  the r e s u l t s  are g iv en  be low s-
Wt. o f  a c e t a l . Cyanide u sed . f i e ld  o f  
?ure n i t r i l e
Y ie ld
, %
162*5 gms. 
169 gms • 
812*5 gms.
612*5 gms. 
812*5 gms.
"Double cyanide" 
do.
Commercial Sodium) 
fyanide • )
95% Potassium  Cyanide
"Double G/anide"
23.
4 5 .
176* 
• 216. 
192.
19*6
33*0
30*1 
36*0 
32 >2
fehen the sodium b is u lp h ite  compound was u sed , i t  
was found th a t a f te r  a d d itio n  o f the cy a n id e , tbs crude 
n i t r i l e  was always o f  a pronounced red c o lo u r , whioh 
deepened very much on s ta n d in g , and was o f  a port wine 
co lou r in  about 12 h o u rs. «nen tne crude n i t r i l e  was 
d i s t i l l e d ,  the co lo u r in g  m atter remained behind . 
Im m ediately a f te r  a d d itio n  o f  ay an ide to  the sodium  
b isu lp h ite  s o lu t io n ,  the crude n i t r i l e  sometimes had a 
y e llo w  c o lo u r , but the red  appeared soon a f t e r .
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The s o lu t io n  o f  potassium  b is u lp h ite  compound 
was n ext u t i l i s e d  in  the hope o f  o b ta in in g  b e t te r  
y i e l d s ,  The treatm ent w ith  m e ta llic  cyanide was 
ca rr ied  out ju s t  as in  the case  o f  the sodium b isu lp h ite  
oompound, I t  was noted th a t form ation  o f  red  co lo u r in g  
m atter in  the crude n i t r i l e  was e n t i r e ly  absent; even  
a fte r  stan d in g  over n ig h t , the crude n i t r i l e  was p a le  
y e llo w  in  colour* Cn d i s t i l l a t i o n  the y ie ld  o f pure 
substance was more than double the average y ie ld  ob ta in ed  
v ia  the sodium b is u lp h ite  compound. Thus:-
333 gms. a c e ta l ,  u sin g  98% KcN, gave 158 gm s,or 66«1% th eo r y , 
666 gms, " " 11 " " 304 " " 63*3% "
666 gms. w ” approxim ately
equlm olar amounts o f  316 or 66*1% " 
NaCN and KcN*
From the p r a c t ic a l  p o in t o f  v iew , the use o f  the 
potassium  b is u lp h ite  compound l s  p r e fe r a b le , because  
when the sodium compound i s  ued, con sid erab le  amounts o f  
sodium su lp h ite  c r y s t a l l i s e  during a d d it io n  o f  the cy a n id e , 
and th is  must be f i l t e r e d  o f f  and c a r e f u l ly  washed with  
eth er  to  e x tr a c t  adhering n i t r i l e .  When the potassium  
compound la  uaed, on the o th er  hand, no sep a ra tio n  o f  s o l i d  
o cc u r s , and the n i t r i l e  i s  removed from the r e a c t io n  
mixture in  a sep a ra tin g  fu n n el d ir e c t ly *
Some in te r e s t in g  co n c lu sio n s  may be drawn from the 
behaviour o f  the b is u lp h ite s  w ith  cyanide* Die low y ie ld s  
ob ta in ed  w ith  the sodium compound are a s so c la b le  w ith  the 
form ation o f  the n o n -v o la t i le  red  co lo u r in g  m atter . This 
l a t t e r  cannot be formed through the in flu en ce  o f  e i t h e r  
the sodium or the potassium  o f  the cy a n id e , fo r  both  
g ive  r i s e  to  red  c o lo u r a tio n  w ith  the sodium b is u lp h ite  
compound, but not w ith  the potassium  compound* S im ila r  
co n s id e ra tio n s  exc lu d e the form ation  o f  the red substanoe  
as a r e s u l t  o f  a c t io n  o f the <£yanogeu r a d ic le *  The on ly  
ex p la n a tio n  rem aining i s  th a t the sodium b isu lp h ite  
compound i s  not e n t i r e ly  th a t o f  oh loroprop ionaldehyde• 
A n alysis o f  the sodium compound c r y s t a l l i s i n g  out from  
s o lu t io n  however g iv e s  va lu es fo r  sodium agreeing  w ith  those  
req u ired  by the form ula
CH*C1- (OH)-SG^ ONa,
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The substance cau sing  the red  c o lo u r a tio n  
m ight, o f co u rse , have remained in  s o lu t io n  whan the 
above compound o r y s t a l l l s e d  o u t, but th is  argument i s  
disproved  by the f a c t  th a t the a n a ly t ic a l ly  pure sodium  
b isu lp h ite  compound, when tr e a te d  w ith  cy an id e , g iv e s  a 
crude n i t r i l e  contam inated w ith  the same red  su b sta n ce .
The most l ik e ly  ex p la n a tio n  o f  the phenomenon 
i s  th a t the b is u lp h ite  compound of/3 -ch lorop rop ion a ld eh yd e  
i s  contam inated w ith  e i th e r  an Isom eric or a polym eric  
body, which would e x p la in  the good agreement o f  the 
a n a ly t ic a l  f ig u r e s  w ith  the t h e o r e t ic a l .  Probably the 
a ctu a l co lo u r in g  m atter i s  a secondary product d erived  
from the im purity formed d ir e c t ly  from the sodium b isu lp h ite  
compound, s in c e  the red  c o lo u r a tio n  in  the crude n i t r i l e  
appeared in  some c a se s  a f t e r  com plete r e a c t io n  o f the 
b is u lp h ite  w ith  cy a n id e , the n i t r i l e  having p rev io u s ly  
a y e llo w ish  c o lo u r .
S ince e a r l i e r  workers seem to  have used the  
sodium b is u lp h ite  compounds in  preparing aldehyde oyan- 
hydrlnes by th is  method e x c lu s iv e ly ,  and s in c e  the n l t r l l e s  
obtained appear to  have been in v a r ia b ly  red in  co lou r  i t  
becomea o f g en era l in t e r e s t  to a sc e r ta in  whether s u b s t itu t io n  
o f potassium  fo r  sodium b isu lp h ite  lead s in v a r ia b ly  to  
in crea sed  y ie ld s  and absence o f  c o lo u r a tio n  in  the r e a c t io n  
p ro d u cts ,o r  in  o th er words, i f  the sodium bisulphite  
compounds o f  aldehydes in  gen era l tend to  iso m er ise  or 
p o ly m er ise •
otoHydroxy Y- dime thy la m ln o b u ty ro n ltr ile  m eth y lo h lo r id e .
This substance has not been d escr ib ed  p r e v io u s ly  
in  the l i t e r a t u r e .  I t  was made by the a c tio n  o f  
trime thylamine on f a  hydroxy r- c h i or o b u ty r o n itr ile  in  a 
s o lv e n t .
Various so lv e n ts  have been t r ie d ,  benzene, 
e th e r , a ce to n e , and m ethyl, e th y l  is o b u ty l and i s o ­
amyl a lc o h o ls .  In  benzene s o lu t io n ,  the r e a c t io n  went 
very s lo w ly , form ation  o f  the a m in o n itr ile  having occurred  
to  on ly  a sm a ll e x te n t  a f t e r  sev e ra l d ays. In - th er  and 
in  acetone r e a c t io n  took p lace more r a p id ly , but in  the case  
o f  e th er  s e v e r a l days stan d in g  was n ecessa ry  to  ob ta in  
maximum y ie ld s ,  w h ils t  acetone as so lv e n t  gave a sem i s o l i d ,  
y e llo w  p rod u ct. Using the a leoh o1$ the rea o tio n  proceeded  
much more r a p id ly , and w ith  marked r i s e  o f  tem perature.
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Methyl and e th y l  a lc o h o ls  seemed to  a llow  o f  the 
most v igorou s r e a c t io n , but the product I s  very  
so lu b le  In both  th ese  so lv e n ts  and must be p r e c ip ita te d  
from them by a d d itio n  o f  much e th e r , whereas, u s in g  the 
two h ig h er  a lc o h o ls ,  in  which the a m in o n ltr lle  i s  
d i f f i c u l t y  s o lu b le  in  the c o ld , the product c r y s t a l l i s e s  
out during the r e a c t io n  w h ils t  the s o lu t io n  i s  c o o lin g .
The p h y s io lo g ic a l  exam ination o f  ^ -h yd roxy  
2 -d im eth y la m in o b u ty r n itr ile  m ethyloh lorld e has been  
k in d ly  undertaken by D r. Henry and D r. Trevan who f in d  
th a t the su bstance acta on mice in  a manner s im ila r  
to  th a t o f  the m e ta llic  cyan id es and has a t o x ic i t y  
o f  about the same d eg re e .
</- Hydroxy 7“ butyrobe ta in e  ch lo r id e*
h y d ro ly sis  o f hydroxy £  dime th y la m in o b u ty ro n itr lie
m eth y lch lorid e  was e f f e c t e d  by m ans o f  a d i lu t e  hydro­
c h lo r ic  a o id . Ammonium c h lo r id e  i s  formed during the 
h y d r o ly s is  and caused  d i f f i c u l t y  in  p u r ify in g  the 
b eta in e  ch lo r id e*  Much <f the ammonium ch lo r id e  
c r y s t a l l i s e d  out when the r e a c t io n  m ixture was a llow ed to  
coo l*  The m ixtures o f  ammonium o h lo r id e  and b eta in e  
ch lo r id e  ob ta in ed  by evap oration  and c r y s t a l l i s a t i o n  o f  
the s o lu t io n  wers d ried  and tr e a te d  w ith  b o i l in g  
ab so lu te  e th y l  a lcoh o l*  ihe b eta in e  o h lo r id e  d is s o lv e s  
m d so could be sep a ra ted  from the ammonium ch lo r id e*
The method i s  n ot very s a t is f a c t o r y  because tr a c e s  o f  
• ammonium c h lo r id e  d is s o lv e  in  the h ot a lco h o l and are 
d ep o sited  along w ith  the b eta in e  c h lo r id e  on coo lin g*  
F urther, co n sid era b le  q u a n t it ie s  o f  the b e ta in e  
o h lo r id e  remain d is s o lv e d  in  the large  volume o f  a lc o h o l  
employed in  the ex tra c tio n *
Tfte o h lo r id e  ob ta in ed  forms sh o r t g l is t e n in g  
c o lo r le s s  p r ism s, whioh are not e x c e s s iv e ly  so lu b le  in  
c o ld  water although they d is s o lv e  r e a d ily  enough; and Oiey 
are not d e liq u escen t*  C onsiderable co n tr a c t in  
p h y s ic a l p r o p e r tie s  w ith  those o f  c a r n it in e  c h lo r id e  
i s  thus evinced* The a u r ich lo r id e  can be r e a d ily  
prepared in  the u su a l manner, and p u r if ie d  by r e -  
c r y s t a l  11s a t ion* When i t s  aqueous s o lu t io n  i s  a llow ed
to c o o l ,  two k inds e f  c r y s t a ls  are ob ta in ed ; f i r s t l y ,  
a b r ig h t y e llo w  powder form, whioh under the m icroscope  
was seen  to  c o n s is t  o f  very  sm a ll, s le n d e r  prism s or
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n e e d le s , m ostly  I s o la te d ;  sec o n d ly , orange co loured  
arystala , whioh appeared under the m icroscope as c lu s t e r s  
o f th ic k  prisms or n eed les  o f  deep orange c o lo u r , and 
much la r g e r  than the f i r s t  ty p e . I t  has n ot been  
p o ss ib le  to  determ ine whether the two forms are o f  
differen t c r y s ta llo g r a p h io a l s p e c ie s .  The phenomenon 
seems however, very s im ila r  to  th a t d isp la y ed  by the 
a u r io h lo r id e  o f  o a r n lt in e  ( se e  p ,3  ) •  The 
a u rio h lo r id e  m elts sh a rp ly  a t 172-3 form ing a deep red  
l iq u id .  No d ecom position  occurs a t the m eltin g  p o in t .
The m eltin g  p o in t  agrees w ith  th a t found by F isch er  
and Gfiddertz , 175-176 (o o r ,)  • The p la t ln io h lo r ld e  has 
a lso  been mads , aihough i t  l s  n o t q u ite  c e r ta in  i f  the 
oompound has been ob ta ined  absolutely p u re . I t  was made 
f i r s t  by the method employed by F isch er  and Goddertz.
The ch lo r id e  o f  the base in  aqueous s o lu t io n  was tr e a te d  
w ith  c h lo r o p la t in lc  a o id , and a sm all p r e o lp lta te  o f  
ansnonium oh loro  p i a t in  ate f i l t e r e d  o f f .  The b eta in e  
p la t ln io h lo r ld e  cannot be c r y s t a l l i s e d  from i t s  aqueous 
s o lu t io n , as i t  i s  v ery  e a s i l y  so lu b le  in  w ater. On 
adding a lco h o l to  the s o lu t io n  a deep orange co lou red  o i l  
was p r e c ip ita te d  a t f i r s t ,  This o i l  q u ick ly  s o l i d i f i e d  
to  a c r y s t a l l in e  s o l i d .  The mother liq u o r  from t h is  
gave on fu rth er  a d d itio n  o f  a lc o h o l, a crop  o f f i n e ,  
s le n d e r  orange co lo u red  n e e d le s .
The behaviour o f  the b eta in e  c h lo r id e  under th ese  
co n d itio n s  i s  e x a c t ly  s im ila r  to  tfye behaviour o f  the  
b eta in e  d escr ib ed  by F isch er  and Goddertz • The m eltin g  
p o in t o f  the c r y s t a l l in e  p la t ln io h lo r ld e  i s  r a th e r  in d e f in i t e  
S in te r in g  began about 173 , and the m eltin g  p o in t la y  
between 210-$15° w ith  d ecom p osition . According to  
Bbchcr and G oddertz, the oompound "melted n ot q u ite  
c o n s ta n tly  in  the c a p i l la r y  tu b e, a f te r  p reviou s pronounced 
(starkem) s in te r in g  at 2 1 6 ° (c o r ,)  w ith  d ecom p osition , which 
agrees e s s e n t i a l l y  w ith  the sta tem en t o f  the m eltin g  p o in t  
o f  c a r n it in e  pl& tlnichloxJde” (1 ) ,  These workers have g iven  
no r e s u lt s  o f  a n a ly s is  o f  th e ir  p la t in ic h lo r id e .  The p la t in i -  
oh lor id e  prepared in  th is  Research fo llo w in g  th e ir  
procedure gave on a n a ly s is  a platinum  co n ten t ra th er  low.
( 1 )  B e r ,  4 2 ,  3 8 7 8  ( 1 9 1 0 ) ,
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The n eed les  obta ined  In  the p r e c ip ita t io n  o f  the 
aqueous s o lu t io n  o f  the p la t in ic h lo r id e  by a lco h o l  
gave s l i g h t l y  low v a lu es  fo r  p latinum , and the 
platinum  co n ten t o f  the o r ig in a l ly  o i l y ,  f i r s t  crop  
was very low (found, 24*73# 24*67% c a lc u la te d ,
26*65%).
The p la t in ic h lo r id e  was next made by a s l i g h t ly  
d if fe r e n t  method. Uie b e ta in e  o h lo r id e  and hydro- 
o h lo r o p la t ln ic  a c id  were a llow ed  to  r e a c t  in  aqueous 
s o lu t io n  and ammonium c h lo r o p la tin a te  removed. A fter  
evap oration  o f  the s o lu t io n  to  a syrupy l iq u id ,  
warm a lc o h o l was added u n t i l  a permanent tu r b id ity  was 
produced. Cb c o o lin g  a sm a ll q u a n tity  o f  o i l  was a t  
f i r s t  d e p o s ite d , which r a p id ly  c r y s ta l l i s e d #  The r e s t  o f  
the d e p o s it io n  was in  Che form o f orange coloured  p la t e s .  
These a f te r  r e c r y s t a l l i s a t io n  were found to  co n ta in  
24*81, 24*83% platinum  and on h e a tin g , so ften ed  a t 196° 
and m elted  a t 213 w ith  b r isk  e v o lu t io n  o f gas and slow  
darkening. The mother liq u o r s  from th is  crop gave on 
fu rth er  a d d itio n  o f a lc o h o l another crop o f  c r y s ta ls  
which co n ta in ed  26*16% platinum  and on h e a tin g , s in te r e d  
at 196° and m elted  at 210*212° w ith  decom position .
The p latinum  co n ten ts o f  the f i r s t  cro p , as w e ll  
as the p latinum  co n ten ts  o f  the f i r s t  crop ob ta in ed  in  the 
f i r s t  method seem to in d ic a te  th a t when the p la t in lo h lo r ld s  
i s  p u r if ie d  by p r e c ip ita t io n  w ith  a lc o h o l from i t s  
acqueous s o lu t io n ,  co n sid era b le  e s t e r i f i c a t l o n  o cc u r s , 
and th a t the f i r s t  srops are composed o f  the p la t in i -  
o h lo r id e  o f  the e th y l  e s t e r  o f  f a  hydroxy T-butyrobe ta in e  
(req u ired  fo r  t h i s ,  Pt= 24*75%), and th at tJie la t e r  crops 
o f  the b eta in e  p la t ln ic h lo z iie  are probably n o t e n t ir e ly  
free  from contam ination  w ith the p latinum  compound o f  the 
e s t e r .  I t  i s  n ot p o ss ib le  to con jectu re  in  the absence 
o f  a n a ly t ic a l* d a ta , whether the p la tin ioh loH d e o f  
F isch er  and Godderts was s im ila r ly  contam inated .
An attem pt was made to co n v er t ^-hydroxy  
^ -b utyrob eta in e o h lo r id e  in to  ap ocarn itin e by the a c t io n  
o f  con cen trated  su lp h u ric  aoid  a t 130 . Engeland has 
s ta te d  th a t tr***® b e ta in e  i s  q u ite  u n a ffec ted  by the a c id .
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I t  was n o t ic e d  th a t during the course o f  the 
h ea tin g  no gas escaped  from the liq u id *  An o b je c t io n  
to  r e p r e se n tin g  c a r n it in e  as ano(r hydroxy a c id  i s  th a t  
on d ih yd ration  i t  should  y ie ld  hom obitaine aldehyde 
and form ic ao id  (which would appear under these  
co n d itio n s  as carbon monoxide) (p * /5 .)  The absence 
o f  e v o lu t io n  ofgaa g iv e s  p o s it iv e  p roof th a t  such a 
r e a c t io n  does not occur withofc-hydroxy X r  butyrobe ta in e  .
A fter  working up the r e a c t io n  m ixture by the method 
d escrib ed  by Engeland v1' l t  was p r e c ip ita te d  out w ith  
go ld  ch lo r id e*  A b r ig h t  yellow  p r e c ip ita te  was form ed, 
but in  a few seconds t h i s  became d isco lo u red  owing to  
red u ction  o f  the a u r ich lo r id e  by some im p urity  p r e se n t ,  
and by the time the p r e o ip ita te  was f i l t e r e d  o f f  and 
re c r y s t a l l i s e d ,  on ly  a very  sm all amount o f  a u r ic h lo r id e  
was obtained* This formed a b r ig h t ye llo w  su b sta n ce , 
which on h e a t in g , s in te r e d  a t 180°, and m elted  a t 19 0 °, 
with decom position* As the amount o f  a u r ich lo r id e  I s o la te d  
was in s u f f i c i e n t  to  g iv e  s a t i s f a c t o r y  a n a ly t ic a l  r e s u l t s ,  
the g o ld  co n te n t was n ot determined* According to  Engeland  
ap oearn itin e  a u r ic h lo r id e  forms b r ig h t y e llo w  g la n c in g  
l e a f l e t s ,  whioh s in t e r  a t  about 180° and m elt a t 190-195  
w ith  decom position*
The red u ctio n  o f  the a u r ich lo r id e  in  the 
experim ent d escr ib ed  p r e v io u s ly  may be tra cea b le  to  the 
reagen ts used*. The su lp h u ric  ao id  was not f* ee  from 
n itro g en  compounds and the barium carbonate used  gave a 
stron g  t e s t  fo r  su lp h id e*  The p o ss ib le  n itro g en  ox id es  
and the hydrogen su lp h id e  from the carbonate may have 
e ith e r  d ir e c t ly  reduced the gold  or caused reducing  
substance to  be formdd from the b eta in e*  The experim ent
i s  to be rep eated  w ith  pure reagen ts*
in  order to  r e so lv e  the in a c t iv e  b e ta in e , the 
c amphoraulphonate and the broraoo amphorsulphonate were 
prepared by double decom position  o f  the b eta in e  ch lo r id e  
w ith s i l v e r  camphor su lphonate and bromocaraphorsulphonate » 
The su lphonates ob ta ined  on evap ora tion  o f  the aqueous 
s o lu t io n  were th ic k  gums whioh would n ot be induced e i th e r  
to  s o l i d i f y  or to c r y s t a l l i s e  from any so lv en t*
R ec en tly , how ever, the oemphorsulphate has been ob ta in ed  
as a s o l id  c r y s t a l l in e  m ass, a f te r  about two months 
stan d in g  in  a d e s ic c a to r , and has been shown to  c r y s t a l l i s e  
w e ll from acetone co n ta in in g  a trace o f  w ater . The 
r e s o lu t io n  i s  b ein g  proceeded with*
( 1 )  3 e r .  ( 1 9 2 1 ) ,  2 4 9 *
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In c o n c lu s io n , the r e s u l t s  o f  the R esearch , so  
fa r  as i t  has been c a r r ie d  ore to  styow th a t the 
sy n th e s is  e f f e c t e d  by F isch er  and Goddertz d id  indeed  
y ie ld  hydroxy 2r  butyrobe ta in e ,  and th a t the 
p o ss ib le  rearrangem ent o f  the hydroxy
7-phthalom idobutyric ao id  m entioned by Engeland  
(see p .p . i b  ) d id  not m a te r ia lis e ;  the c lo s e
s im ila r i ty  between the a u r ich lo r id e s  and p l& tln l-  
c h lo r id e s  ob ta ined  in  the two sy n th eses  o f st*hydroxy 
^ -b utyrob eta in e d isp ose o f  any such p o s s i b i l i t y .
As far  as the r e la t io n s h ip  o f  the b eta in e  to  
n a tu ra l c a r n it in e  i s  concerned the is su e  i s  not y e t  
s e t t l e d .  A pparently ap ooarn itin e i s  formed when the 
b eta in e  i s  tr e a te d  w ith  su lp h u ric  a c id , but u n t i l  the 
r e a c t io n  can be induced to  proceed more sm ooth ly , 
d e f in i t e  sta tem en ts are s c a r c e ly  p e r m is s ib le . On the 
o th er  hand, two arguments a g a in st c a r n it in e  as hydroxy 
2 r H utyrobetaine have been d is p e l le d  by the fa c te  th a t  
form ic sc id  and /3-hom obetaine aldehyde are not formed 
in  the above r e a c t io n , and th a t ,  whatever may r e s u l t ,  the 
b eta in e  i s  not u n a ffe c te d  by bat su lp h u ric  a c id  
(see  p p /5 ,5 ^ 7 ) , The ev id en ce o f  the m eltin g  p o in ts o f  
the a u r ich lo r id e s  ( r a c . / - h y d r o x y  X rH utyrobetaine, 173°;
c a r n it in e ,  153-4°) i s  n o t to  be r e l i e d  upon u n t i l  the  
sy n th e t ic  b eta in e  i s  r e so lv e d  and the m e ltin g  p o in t o f  
the a c t iv e  au r io h lo r id e  tak en .
I t  may be sa id  a t any r a t e ,  th a t no in d isp u ta b le  
evidence now e x i s t s  a g a in st the o£-hydroxy£-butyrobetaine  
formula for c a r n it in e .
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ATTEMPTED SYNTHESIS OF /3-HYDROXY /6-ISOBUTYROBETAINE.
An attempt has been made to  sy n th e s ise  the b eta in e  
id e n t i f ie d  by Engeland w ith  c a r n it in e .
The scheme i s  e s s e n t ia l ly  a m od ifica tio n  o f  the 
sy n th e s is  o f  se r in e  s u c c e s s f u l ly  accom plished by 
JSrlenmeyer J u n io r . (*)
E r lenmeyer condensed h ipp u ric e s t e r  w ith  
form ic e s te r  by means o f  a le  oho l ie  sodium e t h y la te .  The 
r e s u lt in g  form yl or hydroxymethylene h ipp u ric e s t e r  
was reduced by aluminium amalgam to  b enzoylaerine e s t e r ,  
which, when h yd rolysed  by d ilu te  m ineral a o id , ga\fe 
s e r in e .
NH OOGtto N fl CQC4 H5 NH C0C6 H *  NH*
C B z  — G s CHOH — CH GH^OH —- jJH CH*.QH
COO C*. H* GOO G z R s  GOO C ^H * GOO H .
I t  was hoped to  sy n th e s is  /3- nydroxy /3 -iso b u ty -  
rob eta in e  a^long s im ila r  l i n e s ,  by oondensingHbenzoyl 
A j  a lan ine e s t e r  w ith  form ic e s t e r ,  red u cin g , 
h yd ro lysin g  end f i n a l l y  m ethyl at in g  the produot
N *  (0 1 1 3 ) 3
CH*,
NB3OG^ % NH COCfc H6- NH COC^ H 5 NH*.I I 1 1OB*. jSHfc ^  pH* jjH*.
CH* 0 ■ CHOH CH CH*OH CH CH*OH 7 CH CH^CH
I I '  \I ICOOC*Hs COOC* Ha- COO H COOH Leo
"'hen, however, foi*mlc end benzoyl /3 -a lan in e e s te r s  
.e r e  mixed in  presense o f  a lo o h o lio  aodium- e t h y la t e , no 
con d en sation  occurred a f t e r  stan d in g  fo r  th re e  weeks.
(1) Ann. 337 , 250 (1 9 0 4 ).
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SECTION "C" . 
EXPERIMENTAL SECTION.
P reparation  o f  A cry lic  Aldehyde *
(a) Method o f  Wohl and Mylo.
The apparatus i s  shewn in  f ig u r e s  1 , 2  and 3 .
The dim ensions o f  the e l e c t r i c a l l y  heated tube fo llo w  
c lo s e ly  those o f  th a t  used by Wohl and Mylo. Length#
39 i n s . ,  e x te r n a l d iam eter o f  tube 1$ i n s .  len g th  o f  
winding sp a ce , 35 i n s .  R e s is ta n c e , when c o ld , o f  h ea tin g  
c o i l ,  10*4 ohms* The optimum cu rren t a t  100-110  
v o l t s  was 8*2 -  7*4 amperes, and the horse power absorbed, 
about 1*1; the power req u ired  for  the apparatus o f  Wohl 
and Mylo i s  g iven  as about 4*6 amps, a t 220 v o l t s ,  or 
ca 1*36 H.P. The r e s is ta n c e  c o i l  was co n stru cted  o f  
17 d . i .G .  con stan tan  wire (tem perature c o e f f i c i e n t  
•0 0 0 0 5 /% .)
In winding the tu b e, two la y e r s  o f  a sb esto s  were 
f i r s t  wrapped t ig h t ly  round i t .  The w ire was wound over  
th is  u n t i l  the c a lc u la te d  r e s is ta n c e  was reach ed .
To make up fo r  end lo s s e s  o f  h e a t , the wire was wound 
more c lo s e ly  a t the ends o f  the c o i l  than a t the m iddle.
The la y e r  o f  lire  was then covered  over w ith  a la y er  o f  
Portland cem ent, whioh formed a good h eat in su la to r  and 
prevented  s h i f t in g  o f  the w ire when h o t . When tb# 
cement was dry, two la y ers  o f  a sb esto s  paper were wrapped 
round i t ,  and over the a sb esto s  was p laced  a wrapping 
c o i l  o f w ire .
The ends o f the h ea tin g  c o l l  were s i l v e r  so ld ered  
to  th ick  copper wire and brought out to  clam ping s t r ip s  
fa s te n e d  round the o u ts id e  o f  the tu b e. From th ese  the 
copper w ire8 in su la te d  by sh o r t p ie c e s  o f g la s s  tubing  
were brought up to  a term in a l board mounted on the top  
secu r in g  flan ge ( see  f ig s  • 1 & 2 )  . The lower end o f  the  
tube was f i t t e d  w ith  a fla n g e  by moans o f  which a copper 
f la s k  was b o lte d  on to  i t .  A fla n g ed  copper s id e  tube 
b o lted  on to  tne f la s k  provided the means o f  a d d itio n  o f  
g ly c e r o l .  A packed g land  was provided  a t the top o f  the 
tube to  h o ld  the thermometer, i t  having been found th a t  
wben corks were u sed , th ey  were r a p id ly  d estroyed  a t the 
working tem perature.
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Anhydrous magnesium aiiphate was employed as 
c a ta ly s t#  * f t e r  th e d ir e c t io n s  o f  Wohl and Mylo,
Epsom s a l t  was dehydrated by h ea tin g  in  a sh a llow  
iro n  pan w ith  d ir e c t  flame and continuous s t ir r in g *
The hard mass r e s u lt in g  was broken up, and p ie c e s  
about the s iz e  o f  a pea se le c te d *  The tube was 
charged w ith  about 350 grams o f  th e s e , and h eated  
to  about 340°* G lycero l was b o ile d  in  the copper  
f la s k  and the vapor passed  up the c a t a ly s t  tube*
Out o f  t h i s ,  mixed vapors o f  g ly c e r o l ,  w ater, and 
a o ry lio  aldehyde p assed  in to  the f i r s t  column 
(A in  fig u re  3 ,  whioh i s  reproduced from the paper 
o f  Wohl and Mylo) • The column used in  the work 
o f  Wohl and mylo wee o f  the type d escr ib ed  by Hahn'1 ' ;  
those used in  th is  resea rch  were s im p lif ie d  forms o f  
t h is  column. The in n er  v e s s e l  con ta in ed  d le th y la o e ta l  
(b *p .l04°) v2) whioh allow ed water and a o ry lio  aldehyde 
vapors to  p a ss , but n o t g ly c e r o l;  the g ly c e r o l  
condensed, end dropped down the sid e tube back in to  the  
copper f la sk *  The a c r y lic  aldehyde and w ater, l iq u e f ie d  
in  the f i r s t  con d en ser, passed in to  the f i r s t  f la s k  
(D, f ig u re  3) which was immersed in  o i l  a t about 120°* 
From the l iq u id  in  the f l a s k ,  roo^.st a c r o le in  d i s t i l l e d  
o f f ,  and passed  up the second column B. This con ta in ed  
acetone (b#p.56°) which kept back water vapor but 
allow ed the a c r y lic  aldehyde (b .p .5 4 °)  to  pass on*
From the second f la s k  E, which was immersed in  w ater a t  
8 0 ° , a c r y lic  aldehyde was fr a c tio n a te d  in  the vacuum 
column G and f i n a l l y  condensed in  the c o o lin g  c o l l  which 
was Immersed in  i c e .  The r e c e iv e r  was a ls o  surrounded  
by i c e .
The l i f e  o f  the c a t a ly s t  was short* C onversion o f  
g ly c e r o l  to  a o r y lio  aldehyde was fo r  a few hours f a i r l y  
ra p id , but by the tim e th a t one kilogram  o f  g ly c e r o l  had 
been added, form ation  o f  a o ry lio  d d eh yd e was much 
slow er* The ra te  o f  working o f  the apparatus was such  
th a t over one Kilogram o f  g ly c e r o l  cou ld  not be worked 
up in  one day (8 -10  h r s .)  a lthough Wohl and Mylo c la im  
con version  o f  l j  k ilogram  g ly c e r o l  in  5 h ou rs, w ith  60% 
y ie ld  o f  a o ry lio  aldehydw*
(1) Ber* 4 3 , 419*
(2) Wohl and Mylo recommend sa tu ra ted  potassium
ch lo r a te  fo r  t h is  column, (b*p*104°) but th is  
was found to  bump b ad ly  when b o i l in g  and 
a c e ta l  was s u b s t itu te d  w ith good r e s u l t s .
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I f  the apparatus were used  the n ext day w ith  the 
o ld  c a t a ly s t ,  a t most 500 gms, o f  g ly c e r o l  cou ld  be 
decomposed b efore the c a t a ly s t  gave o u t . The used  
c a t a ly s t  has the o r ig in a l  form, but i s  im pregnated  
w ith  brown ta rry  su b sta n c e .
So me exp erim en ta l r e s u l t s  are ta b u la ted  b elow :-
D ate.  lheight o f  
Uycerol*X*
Y ie ld  o f  a c r y lic  
Aldehyde•
Y ie ld  per  
c e n t .
7 ,9 ,2 2  , 1000 gms. 255 gms. 44*4) Same\
3 ,9 ,2 2 • 300 144 48*8; c a t a ly s t .
1 1 ,9 .2 2 , 1000 507 51*5 new c a t a ly s t <
TOTAL. 2500 706 46*4
•X* P r ic e 8 No,1 .  r e d i s t i l l e d .  Taken as 97% fo r
purposes o f  c a lc u la t io n  o f  y ie ld s  o f  a c r y lic  a ld eh yde.
D ate . Weight o f  
G lycero l
Y ie ld  A cry lic  Y ie ld  per c e n t .  
Aldehyde•
1 0 •1 0 .2 2 • 500 . 119. 46® 0 ) same 
)
) c a t a ly s t .
35* 2 )
11«10•22• 
1 2 .1 0 .2 2 .
500 , 91 .
1 3 .1 0 .2 2 .  
1 9 .1C .22 .
1000.
1000.
205.
242,
39* 6 new
c a t a ly s t .  
46* 7 d o .
2 4 .1 0 ,2 2 . 1000. 229. 44 • 3 do .
2 6 ,1 0 .2 2 . 1000. 195, 37° 7 do.
TOTAL. 5000, 1081. 41*8
•X» Commercial brown g ly c e r o l ,  8 6 / by lo s e  a t 16 0 °.
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The a o ry lio  aldehyde obtained  by th is  method i s  
not pure* I t  co n ta in s  a con sid erab le  q u a n tity  o f  
aoetaldehyde end le a v e s  on d i s t i l l a t i o n  a large r e s id u e ,  
even  when i t  has been s t a b i l i s e d  w ith  hydroquin one •
605 grams crude a c r y lic  aldehyde gave on 
d i s t i l l a t i o n  through a lon g  fr a c t io n a t in g  column the 
fo llo w in g  f r a c t io n s ; -
to  49° (co n ta in in g  aoetaldehyde) 35 gms*
49-52° 373 gms*
Residue -  j e l l y - l i k e  mass 185 gms*
% a o r y lis  a ld eh yde, b*p* 49-62°
in  sample* 61*7*
Age o f sample (bhree batch es) 14-5  days*
420 gms* crude a c r y lic  aldehyde gave 3*7 gms, 
b*p* 4 8 -5 4 ° , or 75*5%* Age o f  sample (two b atch es)
8 -6  d ays•
N eith er  th e „crude nor the p u r if ie d  a c r y lic  
aldehyde prepared by th is  p ro cess  cou ld  be kept fo r  long  
w ithout p o ly m er isa tio n , even when hydroquinone was added 
as a s t a b i l i s e r *  Complete s o l i d i f i c a t i o n  to  d isa c r y l  
took p la ce  u s u a lly  a f t e r  a month's standing* Ihe 
aldehyde i s  d i s t i n c t l y  ye llo w  in  c o lo u r .
Preparation  by the Method o f  Moureu (see  p*33)
The apparatus i s  shown in  f ig u r e s  4 ,5 ,6  and 7*
The r e a c t io n  v e s s e l  was adapted from a 3 g a llo n  o a s t  
iro n  v e s s e l  (" d igester" ) w ith  a l i d  machined to  f i t  
c l o s e l y ,  and ab le to  be wedged on* The a d d itio n s  were a 
m echanical s t i r r e r ,  a g ly c e r o l  v e s s e l  w ith  tap and 
entrance p ip e , a thermometer so ck et and a vapour o u t le t  
pipe* D e ta i ls  o f  c o n str u c t io n  are shown in  f ig u r e s  4 ,5 ,6 *
The pot was charged w ith  a m ixture o f  600 gms. 
o f  g ly c e r o l ,  400 gms* o f  powdered n e u tr a l potassium  
su lp h ate and 2000 gms* o f  ao id  potassium  b isu lp h a te , a lso  
w ell powdered* The m ixture was h eated  and s t i r r in g  
commenced* The optimum temperature i s  about 190-200°*
The a c r y lic  aldehyde and water d i s t i l l i n g  o f f  p assed  on 
con d en sation  in to  the in term ed iate  f la s k  (see  f ig u re  7) 
which was h eated  in  a g ly c e r o l  bath so th a t a c r y lic  
aldehyde and water d i s t i l l e d  over a t  tem peratures below  
70 in to  tne r e c e iv e r *  F in a l con d en sation  was rendered
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as e f f i c i e n t  as p o ss ib le  by use o f  a long double su rface  
condenser and a c o o lin g  c o l l  immersed in  ice#  The 
r e c e iv in g  v e s s e l  was a ls o  ic e -c o o le d #  The gases is su in g  
from the r e c e iv e r  s t i l l  co n ta in ed  some a c r y lic  aldehyde 
vapour, the presence o f  which in  the la b o ra to ry  is  
u n d esirab le#  com plete d e s tr u c t io n  o f  the vapours cou ld  
be e f f e c t e d  by p assin g  the gases through the apparatus 
shewn in  fig u re  7* This c o n s is te d  o f  the ou tsid e  Jack et o f  
a L ie b ig 's  con d en ser, f i l l e d  w ith  broken g la s s  tubing#
Down the Jack et t r ic k le d  stron g  c a u s t ic  soda so lu tio n #
The ascending gases charged w ith  a c r y lic  aldehyde came in to  
in tim ate c o n ta c t w ith the a lk a l i ,  and the aldehyde was 
com pletely  destroyed# The c a u s t ic  soda can be used  fo r  a 
long tim e.
The crude aldehyde In the r e c e iv e r  was sep arated  
from a l i t t l e  w ater, n e u tr a lis e d  by shaking w ith  s o l id  
sodium b icarbonate and dried  over calcium  c h lo r id e . On
re d i s t i l l  a t ion  i t  n ea r ly  a l l  p assed  over a t  53-54°# The
resid u e was always v ery  sm all#
Some hydroquinone was p laced  in  the r e c e iv e r  
b efore p rep ara tion  o f  the a c r y lic  aldehyde and the r e ­
d i s t i l l e d  substance was s t a b i l i s e d  w ith  about *1% o f  
hydroquinone, a f t e r  which i t  could  be kept for  long  
p eriod s w ithout a lte r a t io n #
P reparation  o f  /3-CM oroproplonaldehyde D ie th y la c e ta l .
The procedure f i n a l l y  adopted i s  the fo llo w in g
2 Kg. o f  96% e t h y l  a lco h o l were p laced  in  a 
f iv e  l i t e r  three necked f la s k  f i t t e d  w ith  a m echanical 
s t i r r e r ,  gas i n l e t  and o u t le t  tu b es , the l a t t e r  p ro tected  
from atm ospheric m oisture by a calcium  ch lo r id e  tube*
400 gms# powdered anhydrous calcium  ch lo r id e  were added 
a n d  s t i r r in g  s ta r ted #  The ch lo r id e  d is s o lv e d  com pletely*
1 Kg# o f a c r y lic  aldehyde was then added# The amount o f  
calcium  ch lo r id e  was ra th er  l e s s  than th a t t h e o r e t ic a l ly  
req u ired  to  form CaCl*,- 6H*,0 w ith  the water in  the a lco h o l  
and the water produced by com plete r e a c tio n  (req u ired , 412 gms)
Dry hydrogen c h lo r id e  was now passed  in , not too  
r a p id ly , u n t i l  approaching sa tu r a tio n  was denoted by the  
appearance o f  w isps o f  h yd roch loric  acid  vapours a t the end 
q e x l t  P1**5* ad d ition  was b e s t  tim ed to  occupy
8-10 hours fo r  the s ta te d  q u a n t it ie s  o f  m a te r ia l.
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The apparatus was c o o le d  by a fr e e z in g  mixture or 
by crushed  ic e  throughout the experim ent. The c o o lin g  
should be as e f f i c i e n t  as p o ss ib le  during the e a r ly  
s ta g e s ,  fo r  reason s p r e v io u s ly  s ta te d  (se e  p . - W ) .  ;
Throughout the a d d it io n  o f  hydrogen c h lo r id e ,  
sep a ra tio n  o f  c r y s t a l l in e  hydrated  ca lciu m  ch lo r id e  was |
co n tin u o u s. When a d d itio n  was com p lete , the r e a c t io n  
m ixture was a llow ed  to  sta n d  overn igh t and worked up 
n ex t m orning.
Two la y e r s  were formed, a sm a ll upper la y e r  o f  
ca lciu m  c h lo r id e  -  water -  a lco h o l and a larg e  low er  
la y e r  o f  crude a o e ta l  which had a golden or orange 
c o lo u r , ,  When the upper la y e r  was w e ll formed i t  
cou ld  be sep arated  from the a o e ta l ,  but more u su a lly  i t  
c o n s is te d  o f  g lo b u le s  whioh were, or r e a d ily  became, 
d isp ersed  throughout the a o e ta l la y e r , and was then  
not removed but n e u tr a lis e d  along w ith  the a c e t a l .
The crude a o e ta l was f i l t e r e d  or decanted from 
s o l id  oaloium  ch lo r id e  and the la t t e r  r in se d  w ith  ether, 
whioh was added to  the crude a c e t a l .  This was n e u tr a lis e d  
by being run Into ex cess  o f  w e ll co o le d  and v ig o r o u s ly  
s t ir r e d  c a u s t io  soda s o lu t io n  (10-20%) • I f  the 
amount o f  h yd roch lor ic  a c id  in  the crude a c e ta l  were 
p r e v io u s ly  e stim a ted  by t i t r a t io n  o f  a sm a ll sample w ith  
a lk a l i ;  sm a ll ex c e ss  o f  c a u s t io  soda co u ld  be used*
During the n e u tr a l i s a t io n ,  lim e sep ara ted  in  a 
f lo c o u le n t  form and h indered  g r e a t ly  sep a ra tio n  o f the 
a o e ta l la y e r .  This cou ld  be overcome by e x tr a c t io n  
w ith  much e th e r ;  a more ra p id  method c o n s is te d  in  
adding a o e t io  a c id  u n t i l  the lim e was d is s o lv e d , when 
the a c e ta l  sep ara ted  from the water alm ost a t on ce.
The sm all c o n ce n tra tio n  o f  a c e t ic  a c id  in  the system  had 
no ap p reciab le  e f f e o t  on the a c e ta l  during the time 
req u ired  fo r  the m an ipu lation ; Indeed the a o e ta l i s  
very s ta b le  to  f e e b ly  ao id  s o lu t io n s  a t  ord inary tem peratures, 
A fter  rem oval o f  the water la y e r  the a o e ta l was washed 
s e v e r a l tim es w ith  c o ld  w ater, to  remove sodium and 
oaloium  s a l t s ,  a o e t io  ao id  and a lc o h o l. I t  was n ext made 
a lk a lin e  again by adding c a u s t io  soda s o lu t io n  and shaking  
v ig o r o u s ly . The c a u s t io  soda was removed and the a c e ta l ,  
a f te r  two washings w ith  w ater , d ried  over ca lcium  ch lo r id e  •
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On d i s t i l l a t i o n  in  vaouo from a two l i t e r  o la i t e n  
f la s k  1653 gms*, b o i l in g  a t  7 2 -7 6 /2 0  num. were 
obtained* Y ie ld  56*4>>.
l t  has been p r e v io u s ly  mentioned th a t too 
ra p id  a d d itio n  o f  hydrogen oh lorid e  might oause 
low ering o f  the y ie ld  (see  p*p*25,2y)* Experiment has 
v e r if ie d  th is *  U sing the above q u a n tit ie s  and the 
same prooedure exoep t th a t  the time fo r  a d d itio n  o f  the  
hydrogen o h lo r id e  was 3 -4  h ou rs, a y ie ld  o f  a o e ta l,  
b*p*72-76/20 m.m*, o f 1433 gms*, or 48*2%, resu lted *
On r e d i s t i l l  at ion  n ea r ly  a l l  the a o e ta l p assed  
over a t 7 4 ° /2 0  ra*m* the b*p* agreeing  w ith  th a t g iv en  
by Wohl 'A) « R esu lts  o f  determ inations o f  d e n s ity  and 
r e fr a c t iv e  In d ice s  are ta b u la ted  below*
De n s i t y  o f/S -oh lorop rop ion ald eh yd e d le th y la o e ta l•
Temperature 18* 7 %  •
*9951.
22*3°C
*9845
R efra ctiv e  in d ice s*
L l l l Q • Temperature* R efractive*  Index,
Re 6402* 
Ne 6096 
Ne 5882 
Na 5896 
Hg 5790 
Hg 5461 
Hg 4359 
Na 5896
18it
ti
N
If
N
II
2 2 .3 °
1+1
/ ma© 42*31
XXI
S+fi * 42*84
1*4189
1*4201
1*4204
1*4206
1*4209
1*4221
1*4295
1*4203
C alcu la ted  42*58*
t i )
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H ydrolysis o f  /5-Chloropropionaldehyde D ie th y l A cid a l 
and P reparation  o f  the B isu lp h ite s  o f  /3-Chloroprop-
lonaldehyde •
ChxU  • Chx CH -f C^OLCHyCHO + *
(X&. Cm© + riHSOg =» c^fie * £fv <?h(oh) - rj.
666 gms. $-ch loroprop ionaldehyde  
d ie th y la o e ta l  were p laced  In a two l i t e r  f la s k  
f i t t e d  w ith  a r e f lu x  condenser and the th e o r e t ic a l  
amount o f  water n ecessa ry  fo r  h y d r o ly sis  added 
(72 gm s.) The water and a c e ta l  were m utually  
in so lu b le  and the water formed the lower la y e r .
Some fragments o f  porous pot were added and the 
m ixture heated  on the w&terbath, w ith  o cc a s io n a l  
shaking to  b rin g  the r e a c tin g  liq u id s  in to  c lo s e r  
c o n ta c t .  A fter  some time r e a c t io n  s ta r te d , denoted  
by g e n tle  e b u l l i t io n )  a f t e r  t h i s ,  the two liq u id s  
ra p id ly  d is so lv e d  to g e th e r  and the re f lu x in g  o f  
a lco h o l was v ig o r o u s . The h y d r o ly s is  was a llow ed  to  
proceed u n t i l  the homogeneous l iq u id  was l ig h t  orange 
in  c o lo u r , when th e f la s k  was removed from the watezv. 
bath and v ig o r o u s ly  shaken under the ta p , to  c o o l the 
co n ten ts r a p id ly .
The r e a c t io n  m ixture was then poured in to  a 
stron g  s o lu t io n  o f  the m e ta llic  b is u lp h ite  (1*1 m o l), 
and the l iq u id s  thorough ly  shaken to g e th e r . On 
pouring in to  a sep a ra tin g  fu n n el and stan d in g  fo r  a sh o rt  
time the unchanged a c e ta l  rose to  the su rface  and was 
removed. i t s  bulk was u s u a lly  about two th ird s  th a t o f  
the o r ig in a l .  Union o f  the aldehyde w ith  the b isu lp h ite  
cau ses n o tab le  h ea tin g  o f  the so lu tio n *
The a c e ta l  recovered  was tr e a te d  once more 
w ith  th e th e o r e t ic a l  amount o f  water n ecessa ry  to  
hydrolyse i t ,  and the product o f  h y d r o ly s is  again  
poured in to  the blsuJjphite s o lu t io n ,  shaken and unchanged 
a c e ta l  sep a ra te d . Four o f  th ese p a r t ia l  h yd ro lyses  
were alm ost always n e c e ssa r y . The amount o f  un change d 
a c e ta l  recovered  from the fo u rth  h y d r o ly s is  from the 
amount o f  a c e ta l  s ta te d  amounted to  le a s  than 5 gms; 
fu rth er  treatm ent o f th is  was n ot con sid ered  worth w h ile .
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The s o lu t io n  o f  th is  b is u lp h ite  compound was 
e x tr a c te d  once or tw ice  w ith  e th er  to  remove any suspended  
a ce ta l#
I s o la t io n  o f  the Potassium  S a l t #
To i s o la t e  the potassium  b is u lp h ite  compound 
o f  /6 -ch lorop rop ionald eh yd e, the aqueous s o lu t io n  o f  i t  
ob ta in ed  by h y d r o ly sis  o f  166*5 gms# a c e ta l  was tr ea ted  
w ith  about th ree  l i t e r s  o f  96% e th y l  a lc o h o l ,  w ith  
c o o lin g  in  i c e - s a l t *  The compound was p r e c ip ita te d  
as a ch eesy  white mass which was f i l t e r e d  o f f  and d ried  
on porous p o t overn igh t*  The compound was then d is so lv e d  
in  the minimum amount o f  w ater, and to the warm aqueous 
s o lu t io n  warm a lc o h o l was added u n t i l  the l iq u id  became 
perm anently turbid* The v e s s e l  was p la ced  in  the ic e  
c h e s t  to  c o o l ,  when the potassium  b is u lp h ite  compound 
c r y s t a l l i s e d  out as a c r u s t  o f  warty m asses o f  w hite  
c r y s t a l s ,  on the s id e s  and bottom o f  the v e s s e l  and as a 
th io k ish  la y e r  o f  sm a ller  c r y s ta ls  on the bottom over the 
o u ts id e  cru st*  The c r y s t a l s ,  which were q u ite  s o f t  and 
f r ia b le ,  were f i l t e r e d  o f f  and washed w ith  a lcoh ol*
A p o rtio n  o f  the compound was p laced  i n  an oven a t 108° 
to  dry* At t h is  tem perature, however, decom position  
takes p lace fo r  the pungent odour o f  the fr e e  aldehyde was 
most marked and the b is u lp h ite  on c o o lin g  was found to  
have acqu ired  a f a in t  ye llow  t in t*
The rem ainder was d r ie d  in  vacuo over phosphorus 
pentoxide fo r  three days* I t  was very e a s i l y  so lu b le  
in  c o ld  w ater, in so lu b le  in  a lc o h o lj  m icroscop ic  
exam ination  c f  the c r y s t a ls  showed them to  be h ig h ly  
ir r e g u la r , and bulky; th ey  cou ld  not be d e f in i t e ly  
c la s s i f i e d #
Potassium  e s t im a tio n  gave the fo llo w in g  r e s u l t s : *
1# *7917 gms. compound feave *3199 gms* K*. S0^
11* *5419 " it it *2057 11 "
111# *5556 •  n » *2282 n w
Found C alcu la ted  fo r  C3H4 0#C1 S K
v  X X *  X I X .  n q
% 18*16 18*41 18*43. 18 39
- 5 4 -
Sodium B isu lp h ite  Compound*
This cannot be p rec lp lt& ted  from i t s  aqueous 
s o lu t io n  by a d d itio n  o f  a lcoh o l*  The compound u su a lly  
o y s t a l l i s e s  from the s o lu t io n  obtained  a f te r  h y d r o ly s is  
o f  the a c e ta l ,  on stan d in g  fo r  some time* I t  forms 
white p la te s  w ith  a nacreous lu s tr e *  On one eiocasion  
i t  was d ep o sited  in  tran sp aren t prism s se v e r a l in ch es  
in  len gth *  These r e a d ily  l o s t  water on s ta n d in g , f a l l i n g  
to  a l iq u e sc e n t  mass*
A sample o f  the p la t e s ,  washed w ith  e th e r  and 
d ried  gave the fo llo w in g  f ig u r e s  on a n a ly s is*
•9814 gms* o f the compound gave *3874 gms. Na^ ‘SO*.
Found*
11*79
C&lcul&ted fo r  C^ H^ Om-CI SNq. 
11*70.
»C onversion o f  tbe B isufchits Compounds o f  /i-o h lo r o -  
proplonaldehyde in to  o(-%droxy 7 -c h lo r o b u ty r o n ltr il* .
Potassium  Compound*
CH*Cl*CHrCH (OH)-SO*.OK + MCN « CH^Cl* CHjfCH ( OH) • CN-I-KMS 03
The s o lu t io n  o f  potaasiuraA ohloropropionaldehyde  
b is u lp h ite  r e s u lt in g  from, sa y , 666 gms. d o e ta l  was 
poured in to  a three l i t e r  three necked f la s k ,  f i t t e d  
w ith  m echanical s t i r s r ,  dropping fu n n el and thermometer, 
which was immersed in  the so lu tio n *  The f la s k  was 
immersed in  c o ld  water* S t ir r in g  was s ta r te d  and a 
s o lu t io n  o f  ( fo r  example) 400 gms* 92% potassium  cyanide  
in  1*6 water added through the tap fu n n e l, the tim e fo r  
a d d itio n  b ein g  c a . h a l f  an hour* The temperature was 
m aintained below 20°C*, and s t ir r in g  was kept up fo r  
some twenty m inutes a f t e r  the a d d itio n  o f  cyanide was 
comple te  •
The r e a c t io n  m ixture was poured in to  a large  
sep a ra tin g  fu n n el and the top la y e r  o f  cyanhydrine 
which r a p id ly  form s, removed. The lower aqueous la y e r  
was e x tr a c te d  two or three tim es w ith  e th e r , and the  
e th e r  e x tr a c t  added to  the n i t r i l e .  The combined 
e x tr a c ts  ware washed w ith a l i t t l e  very d ilu te  a o id , then  
w ith  w ater, and d ried  over sodium su lp h a te .
Ether and agios occluded  a lco h o l were removed from 
a waterbath a t 80 ,  and the r e s t  o f the a lco h o l was taken  
o f f  in  vacuo from a w aterbath , a ls o  a t 8 0 ° .
The r e s u lt in g  crude n i t r i l e  was d i s t i l l e d  in  the 
apparatus shown in  f ig u r e  9 a t the oilpump vacuum*
The b o i l in g  p o in t v a r ied  w ith  the o ilb a th  temperature 
and consequent ra te  o f  d i s t i l l a t i o n .  For one batch  
o f  cyanhydrine the fo llo w in g  f ig u r e s  were o b ta in ed :-
O ilbath  Temperature B o ilin g  p o in t P ressu re .
115° 91*5° )
126° 93*5° )
130° 96° j 3 m.m.
140° 100° )
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U sing the potassium  b isu lp h ite  compound the 
fo llo w in g  r e s u l t s  were ob ta in ed *-
333 gms.  a c e t a l ,136*5 @08*85/ KCK (1 mol*) gave 158 gnu
d i s t i l l e d  n i t r i l e  (66*1 /)
666 " " 300 @08*92/ KCK (1*05 m o l).  gave 304 gm.
d i s t i l l e d  n i t r i l e  (6 3 * 6 /) .
066 " " (130 @ 68.92/ KCK)
( )(1 * 0 3  mol*) gave 316 gm*
(113 gms* *au i ) d i s t i l l e d  n i t r i l e  (6 6 * 1 /) .
Sodium compound*
“ i t s  procedure u sin g  the sodium oompound was 
s im ila r  to the preced ing* s o l id  sodium s u lp h it e ,  however, 
sep a ra te s  out from s o lu t io n  during a d d itio n  o f  the cy a n id e , 
so th a t  b efore sep a ra tio n  o f  the n i t r i l e  la y e r , tbs r e a c t io n  
m ixture must be f i l t e r e d  end the s o l i d  re s id u e  washed out 
thorough ly  w ith  e th e r  in to  the f i l t r a t e  to  e x tr e o t  a l l  
occluded  n i t r i l e *  Subsequent treatm ent la  as p rev io u sly  
d escr ib ed  under tbs potassium  compound*
Soma y ie ld s  o f  d is  t i l l e d  °(~hydroxy TrOhlorobutyro- 
n i t r i l e  u s in g  the sodium A chloropropionaldaliyde b is u lp h ite  
are ta b u la ted  below :-
T7F.~bT 1
A o eta l,
Sy sniffs” U secT ...."ESIar ....
p rop er-| 
tio n *
u r a a r
K l t r i l e .
T ie  Iff per  
cent*
162*6g.
1
i
189 g • 1 
912• 5g • 1 
012*5g. ■ 
812*5g- i
........
(6g. “Double 
lyanide 
tKCK,2NaCN . 
rr’2 g . d o , 
!56g. Nadtf. 
r41g,92/ KCN. 
>714, "Double 
cyanide"
1*3
1*3
i 1*06. 
1*2 
1*28.
23g*
45g.
176g,
216g*
192g,
Average yd,
19*8
33*0
30*1
36*0
32*2
. 22.18*....
She d i s t i l l e d  n i t r i l e  forum a c o lo u r le a s ,  ra th e r  
th iok  l iq u id  alm ost w ith ou t odour* I t  d is s o lv e s  to  some 
e x te n t  in  c o ld  w ater,  mure r e a d i ly  in  h o t , and ia  m lx ib le  
w ith  tne u su a l organlo so lv e n ts*
A sample o f  r e d i s t i l l e d  o(-hydroxy7-chloro- 
b u ty r o n itr i le  gave on a n a ly s is  TTy the K jeld ah l method 
the fo llo w in g  f ig u r e s s -
1* *8480 gms* substance gave ammonia which, d is so lv e d
in  100 c * c . o f  *998 N/10 HCl req u ired  29 c * c s . *998 N/lO  
NaOH fo r  back t i t r a t io n *
11* *6952 gms* substance gave ammonia w hich, d is so lv e d
in  100 c * c . *998 N/lO BCl, requ ired  42*7 c . c s .  *998 
N/lO . NaOH fo r  back t i t r a t io n *
Found 
1 *  1 1 .  
11*69 11*53.
C a lcu la ted  fo r  
Ca-H4 0 N Cl 
11*72
Values obtained  fo r  r e fr a c t iv e  in dex and d e n s ity  
are ta b u la ted  below .
D e n s ity .
Temper ature
—  *«>
<ef r  a c t iv e  Index. 
“ T in e .
1 9 .1 °
1*0795
23*1°
1*0765.
A U  l/VAJL W .
23*1°
U v l  *  C * v  W A V w  M i U  CJ A  •
1*4387.
It 1*4390.
ft 1*4404.
19*1 1*4385.
H 1*4396.
« 1*4400.
r 1*4399.it 1*4406
it 1*4421.
« 1*4496.
i-----------------------------------------------------------------------------------------------------
^ 5 8 9 6
“&5790
“ 8 5 4 6 1
JJ°6402
N a § 0 9 6
"65882
,1*5896
“ 8 5 7 9 0
“ ^ 5 4 6 1
H84359
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The benzoate and a c e ta te  o f  ft- hydroxy £■ ch lorob u ty -  
r o n i t r i l e  were made.
P reparation  o f  ft-ey en o  7-ohloropropyI.benwoate.
'OfSTivfc-' -----------
CR
The e a te r  was .prepared according to the method o f  
Binhom  and H olland *•» by In ter  a c t io n  o f  ft-hydroxy  
7 -o h lo r o b u ty r o n itr ile  w ith  ben*oylohloride""in presence  
o f  p y r id in e .
17 g m . p y r id in e  (1 * 0 7  m ol.) end 50 gms* dry 
e th e r  were mixed to g e th e r , and 28 gms (l* o 3  mol*) o f  
benaoyl o h lo r id e  added w ith  ooo l i n g .  p yrid in e
b en so y lo h lo r id e  0 rye t a l l l s e d *  24 g m . oc-hydroxy 
7- o h lo r o b u ty r o n itr ile  { 1 mol*) were then  added, when 
s u f f i c i e n t  h ea t o f  r e a o t io n  was s e t  fr e e  to  make the 
e th e r  b o i l  and c o o lin g  necessary* The p yrid in e  
b en so y lo h lo r id e  d is s o lv e d , to  be re p la ce d  soon by  
s u f f i c i e n t  p y r id in e  hydroch loride to  make the r e a o t io n  
m ixture peaty* A fter  stan d in g  o v e r n ig h t, the m ixture 
was poured in to  water* The e th e r  la y e r  sep a ra tin g  
was removed and washed s u c c e s s iv e ly  w ith  w ater, d i lu te  
h yd roch loric  a c id , w ater, d ilu te  oau a tlo  soda and 
w ater, and d r ied  over ca lciu m  o h lor id e*  A fter  rem oval 
o f  e th e r , the o i l  was d i s t i l l e d  on the o i l  pump, when i t  
p assed  over m ain ly  a t  1 4 7 ° /a -4  m.ou fr a c t io n
c o n s is te d  o f  s  cuL our l e s s ,  v is c o u s , h ig h ly  r e fr a o t iv e  o i l  
h e a v ie r  than water* A few drops exposed  to  the s ir  soon  
s o l i d i f i e d  and on see d in g  the main bulk w ith  t h is  
com plete s o l i d i f i c a t i o n  took p la c e . Weight 35 g m s.,
82/c y ie ld  « She b en soate deoompoees s l i g h t l y  when 
d i s t i l l e d  a t  the f i l t e r  pump p ressu re ,  and the o i l ,  
b*p* 209*21q/25 m .m ., i s  s l i g h t ly  y e llo w  in  co lou r*
The s o l i d  b en soate was r e c r y s t a l l i s e d  by 
d is s o lv in g  in  o a . 4uo o o . o f  warm p e tr o l  and o o o lin g  
in  a fr e e z in g  m ix tu re , when em ail s o f t  c r y s ta ls  were 
formed on th e w a lls  and bottom o f  the v e s s e l .  These 
were f i l t e r e d  o f f ,  washed w ith  petroleum  e th e r  and c r ie d  
in  vacuo uver p a r a ff in  wax and phosphorua pentoxide*
( 1 )  A .  S o l ,  0 5  ( 1 8 9 8 )
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The u se o f  o n ly  a s l i g h t  ex cess  o f  p yrid in e  
over th a t req u ired  by th eory  in  the p rep ara tion  o f  the 
benzoate was to  avo id  any form ation  o f  pyrid in ium  
compound w ith  the o<- hydroxy T -oh lo ro b u ty ro n itr ile  • This 
compound however, ctoes n o t seem to  be formed r e a d ily  
fo r  when 24 grains b e n z o y lo h lo r id e , 2 0  gms* n i t r i l e  and 
50 gms* (oa* 4 mols*) p y r id in e  were a llow ed to  r e a c t ,
24 gms* o f  d i s t i l l e d  benzoate (60%) were ob ta in ed  a f te r  
the r e a c t io n  m ixture had s to o d  two dayB*
A n alysis  o f  re c r y s t a l l i s e d  benzoate by K je ld a h l's  
method gave the fo llo w in g  f ig u r e s
*5643 gms. benzoate gave ammonia, which, d is s o lv e d
in  50 ccs*
1*015 N/ o  HCl* req u ired  27*9ocs* o f  *904 N/'O NaOH 
fo r  back t i t r a t io n *
N% Found 6*4 . C a lcu la ted  fo r  C//H/o 0*, NCI, 6*3
T h e  s u b s t a n c e  m e l t e d  t o  a  t u r b i d  l i q u i d  a t  5 9 ° •
P reparation  o f  o£-oyano Y-ohloroprojtiyl A cetate*
This was prepared (a) by a c tin g  on oYhydroxy 
7 - o h lo r o b u ty r c n itr ile  w ith  a c e ty lo h lo r id e  in  dry  
7 th e r e a l  s o lu t io n ;  or (b) by h ea tin g  a m ixture o f  
equim olar q u a n t it ie s  o f e c e t ic  anhydride and oC-hydroxy 
7 -  c h lo r o b u ty r o n itr i le •
(a) 50 gms* o f  dry e th e r ,  16 gms* a c e ty lo h lo r id e  (1 mol*)
and 24 gms. (1 mol*) o f  hydroxy 7- c h lo r o b u ty r o n itr ile  
were mixed to g e th e r  and r e f lu x e d  ori~the w aterbath fo r  
s e v e r a l hours* No v igorou s r e a c t io n  occurred* The 
m ixture was poured in to  w ater , shaken, and the e th e r  
la y e r  separated* This was washed s u c c e s s iv e ly  w ith w ater, 
d i lu te  sodium carb on ate , and again  w ater, and d ried  over  
ca lciu m  ch lo r id e*  A fter  removal o f  the e th e r , the 
re s id u e  was d i s t i l l e d  in  vacuo, th e fr a c t io n  117**130°/ll m*m* 
bein g  c o l le c te d *  tti r e fr a o t io n a t io n  o f  t h i s ,  i t  
sep arated  in to  two main f r a c t io n s ,  b*p* 1 1 7 ° /H  num. 
and 1 2 3 ° / l l  m*m*
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(b) 20*5 gms. a c e t ic  anhydride and 24 gms* n i t r i l e  were
mixed to g e th e r . No n o t ic e a b le  heat e v o lu t io n  occu rred . 
The mixture was heated  two hours on the w aterbath , and the 
c le a r  orange l iq u id  poured in to  w ater. A fter  shaking, 
the heavy o i l  was removed, OSais was taken up in  e th e r  
and washed u n t i l  n eu tra l w ith  d i lu te  c a u s t ic  sod a . A fter  
washing w ith water and drying over calcium  c h lo r id e , the 
e th e r  was evaporated  on the waterbath and the resid u e  
f r a c t io n a lly  d i s t i l l e d  in  vacuo, A main fr a c t io n  
116-118°/H m .m , was c o l le c t e d  which on r e d ia t i l l a t i o n  
b o ile d  a t  117°/11  num.
This fr a c t io n  was combined w ith  the fr a c t io n  
o f  the same b o i l in g  p o in t ob ta ined  in  the previous  
experim ent, and the m ixture subm itted to  K Jeldahl a n a ly s is  
fo r  n itr o g e n ,
1 , *5747 gms. substance gave ammonia wnich, d is so lv e d  in
50 o . c s .  1*015 h/io HC1, req u ired  14*95 c» o e ,  
l*u03 n //o  NaOH fo r  back t i t r a t i o n ,
11 , *6097 gms, substance gave ammonia which, d is s o lv e d
in  50 c , c s ,  1*015 N//o HCl, req u ired  12*3 c , c s ,  1*003 
N/ o  NaOH fo r  back t i t r a t i o n .
Found C alcu la ted  fo r
1 11 , C*H«fc*.NCl
N% 8*7, 8*8 j 8 *7
The l iq u id  had r e fr a c t iv e  index N 20 *2 1*4368,
5461
I t  was d i s t i l l e d  to  co n sta n t r e fr a c t iv e  in d e x . One 
fu r th er  d i s t i l l a t i o n  feave th is  as shewn by the fo llo w in g  
f ig u r e s : -
F ir s t  R e d ia t i l la t io n ,  B .p ,
n  a © . ? 0 _  1-4.Z41 2 0 * 7 °
5790. v 5461.
Second Re d i s t i l l a t i o n ,  B ,p .
n 20*1 _ 1*4342 n2 0 *1
5790 5461
The a c e ta te  forms 
l iq u id  w ithout odour.
-61-
116-116*5/11 num,
-  1*4354. n * ° ' l °  -  I* 4434 .4359 .
116-117/11 num.
-  1*4355 n 2 0 *1° -  1 - 4433.
4359
a c o lo u r le s s ,  f a i r l y  m obile
P reparation  o f  oA Hydroxy 7 -6 im eth y lam in ob u tyron itr lle  
me th y lo h lo r  i  d e .
C hx4L' Ch(c>h)CN -f =  C.HX- c.14 .^ £ H ( o h ) C N
N  (CMj),C£
200 gms. dry r e d i s t i l l e d  te c h n ic a l amyl a lc o h o l, 
b*p* 128-132°, were p laced  in  a three necked three l i t e r  
f la s k  f i t t e d  w ith  thermometer, gas e x i t  p ipe p ro tected  
by a ca lciu m  ch lo r id e  tu b e, and a m echanical s t ir r e r *
55 gms. ^ theory req u ires  49 gms) o f  pure dry trim ethy 1 amine 
were added to the amyl a lc o h o l and the l iq u id  shaken 
to mix thoroughly* N otice  able heat o f  s o lu t io n  was
evolved* The s o lu t io n  o f  t r  ime th y l amine was immersed in  
c o ld  water and 100 gms. o> hydroxy Q S o h lorob u tyron itr ile  
added* S t ir r in g  was then started*"”
No ap p reciab le  r e a c t io n  occurred w h ils t  the r e a o t io n  
m ixture was l e f t  a t ordinary temperature* On warming to  
about 3 0 -3 5 ° , r e a c t io n  s e t  in  and proceeded r a p id ly  w ith  
d ep o sitio n  o f  f i n e l y  d iv id ed  c r y s t a l l in e  a m in o n itr ile  •
On some o cca sio n s  the n i t r i l e  sep arated  as an o i l  whioh 
c o l le c t e d  a t the bottom  o f  the f la s k  and, s o l id i f y in g  to  
a hard c r y s t a l l in e  cak e, s e iz e d  up the m echanical 
s t i r r e r  and thermometer* Such occurences co u ld  be 
prevented by a d d itio n  o f  a sm all c r y s ta l  o f  the a m in d n itr ile  
at tbe commencement o f  the reaction *  The tem perature o f  
the water Jack et was kept so  th a t the tem perature o f  the 
rea o tio n  m ix tu re , from which con sid erab le  heat was l ib e r a te d ,  
did not r i s e  above about 40 °• S t ir r in g  was continued  
fo r  some h ou rs, the temperature o f  the system  b ein g  allow ed  
to  f a l l  o f  i t s  own accord*
When room tem perature was reached  the r e a c t io n  
mixture was r a p id ly  f i l t e r e d ,  the s o l id  being w e ll p ressed  
down to  free  i t  from m ech an ica lly  h e ld  cunyl a lc o h o l as much 
as p o s s ib le ,  and then  washed w ith  two p o rtio n s o f  dry e th e r ,  
the washings b e in g  run in to  the amyl a lc o h o l f i l t r a t e *  
A d d ition  o f  th is  e th er  caused a fu rth er  sm a ll sep a ra tio n  
o f  a m in o n itr ile  from the amyl a lcoh o l*  This crop was 
l ik e w ise  f i l t e r e d  o f f  and washed w ith  dry ether*  Both 
crops were d e s ic c a te d  over phosphorus p entoxide in  vacuo 
to  remove the l a s t  tra ces  o f  amyl a lcoh o l*
Nhre acted  o(-hydroxy /Y c h lo r o b u ty r o n itr ile  was 
recovered  from the~mother liq u o rs#  These were shaken 
up w ith  sm all p o rtio n s  o f  d ilu te  h ydroch loric  a c id  
u n t i l  the washings rem ained acid# This treatm ent 
removed tr im eth y l amine• A fter  a fu r th er  washing w ith
two p ortio n s o f  water the l iq u id  was fr e e d  from e th er  
by immersion in  warm water# Amyl a lo o h o l was next 
removed by d i s t i l l a t i o n  in  vacuo from a w aterbath, 
when the n i t r i l e  was recovered  as a c le a r  orange coloured  olA
Some r e s u l t s  are ta b u la ted  below :-
Wt* Wt.Amyl Wt* Wt.Recov- Wt* Amino- Y ie ld  per
(CH ) N* A lcohol# N i t r i l e .  ered  n i t r i l e *  cent*
N i t r i l e .
(
s
200 gms • lOQgms • 32 gms. ls t* c r o p  
2nd " 7 6 >0*.5)81 . 75*2
55
\
gms. ( /
300 n 100 " 25 tt 1 s t .  " 
2nd. "
79 )
1 )80 71*7
s
(
100 « 100 " 25 . w 1st*  " 
2nd. " 79)79o ) 79 . 70*4
110 N 2 0 0 « 20 0  gms .110 tt 98 gms* 7 3 .
140 If 250 n 237 " 150 tt 114 " 85*7
The com p aratively  sm all amount o f  co n version  in  
the l a s t  two examples i s  d i f f i c u l t  to  e x p la in ; the 
trime thy lamina used in  th ese  experim ents had not been  
d ried  over potash  and r e d i s t i l l e d  b efore u se , and th ere fo re  
from i t s  mode o f  p rep ara tion  may have con ta in ed  traces  
o f  form aldehyde, which might have had an in h ib it in g  e f f e o t  
on the rea ctio n #
The trim e thy 1 amine was prepared by h ea tin g  to g e th er  
ammonium o h lo r id e  and paraform aldehyde'1 ' and tbs technique  
i s  weAl d escr ib ed  by Adams, K&inm and Marvel '*5#
(1) D .R .P .270060; F r d l . l l ,  111 (1912-14)*
(2) I l l i n o i s  U n lv e r s i t y T u l le t in , "Organic
Chemical Reagents" 9 o l  1 # p #8 . (Urbana, 1919).
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The /-h y d r o x y  7 - dim ethyl am in ob u tyron itr ile  
m eth y lch lor iS e  thus ob ta in ed  was p u r if ie d  by r e c r y s t a l l i s a ­
t io n  from warm (n ot above 95°) amyl a lc o h o l or by 
p r e c ip ita t io n  from s o lu t io n  in  ab so lu te  a lco h o l by dry 
ether* I t  c r y s t a l l i s e d  in  sm all g l i t t e r in g  transparent 
p la t e s *
•flae substance i s  very  hygroscopic and q u ick ly  
d e liq u e sc e s  on exposure to  m oist a ir*  The m alting  
p o in t i s  much in flu e n c e d  by tra ces o f  m oisture or 
so lv e n t;  tlie h ig h e s t  observed  value was 137°* I t  
d is s o lv e s  very  r e a d ily  in  w ater, m eth y la lcoh o l and 
ethyl& oohol but i s  in so lu b le  in  ch loroform , benzene, 
e th e r  or acetone* I t  i s  s l i g h t l y  so lu b le  in  c o ld  
isoam yl a lc o h o l, f a i r ly  so lu b le  in  hot#
For a n a ly s is ,  n itr o g e n  was determ ined by the 
K Jeldahl method on a sample r e c r y s t a l l i s e d  from amyl 
a lc o h o l .
1# *5096 gms* substance gave ammonia which d is s o lv e d  in
100 c * o s . *994 H /lu  HJl req u ired  42*9 c * c s . *990 N/1G. 
NaOH fo r  back t i t r a t io n *
11* *5072 gms* substance gave ammonia which# d is so lv e d
in  100 o * o s . *994 N/lO BCl* req u ired  43*1 o*cs#
*990 N/lO NaOH fo r  baok t it r a t io n *
Found C alcu la ted  fo r
1 11 C7 H* 0 N*.C1.
15*64 15*66 15*60*
The g o ld  and platinum  d e r iv a t iv e s  were made and
analysed*
A urioh loride o f  /-h y d ro x y  'Y -dim ethylam inobutyronitrile  
~ 5eiEyTcEIcgfjbV 511, t U i o i i I S L  Auol,------
N (CH3)3 C1.
For the p rep aration  o f  th is  d e r iv a t iv e ,
*36 gm* o f  the a m in o n ltr ile  and *68 gm oh loroau ric  acid  
were s e p a r a te ly  w eighed  out# The n i t r i l e  was d isso lv e d  
in  2 c . c .  o f  water and the s o l id  ch loroau rio  a c id  added.
On shaking a b r ig h t y e llo w  mass o f  the s o l id  a u r ich lo r id e  
r e s u lt e d .  More water was added and the m ixture warmed*
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h q  the l iq u id  became hot the y e t u n d isso lv ed  
a u r ich lo r id e  m elted to  & c le a r ,  deep orange o i l*
A ddition  o f water was made in  sm all p o r t io n s , the 
temperature o f  the l iq u id  being kept a t about the 
m eltin g  p o in t o f  the u n d lsso lv ed  a u r ich lo r id e  u n t i l  
the l a t t e r  had gone in to  so lu t io n *  The yellow  
s o lu t io n  was then f i l t e r e d  and p laced  in  the ls e  c h e s t  
to c o o l over n ig h t . A d e p o s it  o f  long h a ir  l ik e  y e llo w  
c r y s ta ls  was ob ta in ed , and was f i l t e r e d  o f f ,  washed 
w ith  a l i t t l e  c o ld  water and r e c r y s t a l l i s e d .  The 
f in a l  product was d r ied  in  vacuo over phosphorus p en to x id e . 
Under the m icroscope the c r y s ta ls  appeared as s len d er  
yellow  hexagonal p rism s.
The a u r ic h lo r id e  gave the fo llo w in g  f ig u r e s  fo r  g o ld  
c o n te n t; -
I .  *1996 grits, substance l e f t  on ig n it io n  *0817 gms. gold*
I I .  *2088 n " w e  n *0865 H "
Found C alcu la ted  fo r
1 11 C7H/6- ON*, Audi*
Au% 40*90 40*91 40*90*
Heated in  a c a p i l la r y  tu b e , the a u r ich lo r id e  m elted  
a t 95° to  a deep oran ge-red  l iq u id ,  w ithout decom position  
P la t in lo h lo r ld e  o f  d -hydroxy 7  d im eth ylam ln obu tyron ltr ile
m  th y io h lo r id e j  OH,, -  G U t  - CH (OH) CN 1 f t  Cl*
\K (GHrta Cl 1I
•4 gms. o h lo r o p la t in io  ac id  and *4 gms. n i t r i l e  
were d isso lv e d  s e p a r a te ly  in  sm all bulks o f  w ater, and the 
s o lu t io n s  mixed. No p r e o ip ita te  was form ed. Absolute 
a looh o l was then added to  the orange co lou red  aqueous 
s o lu t io n ,  when a l i g h t  b u f f  co lou red  f in e  p r e c ip ita te  
was formed. By warming, the p r e o ip ita te  was brought 
in to  s o lu t io n .  O n c o o lin g , sh o r t s len d e r  orange co lou red  
n eed les  c r y s t a l l i s e d  in  r a d ia tin g  groups. These were 
f i l t e r e d  o f f ,  washed w ith  a lco h o l and r e c r y s t a l l i s e d  from 
ggqueous a lc o h o l. The c r y s ta ls  were d r ied  in  vacuo over 
phosphorus p en to x id e . When s lo w ly  heated  in  a ca p illA ry
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tube the substance darkened much a t 2280 and m elted  
at 230-231 w ith  d ecom p osition . R apidly heated in  a 
prewarmed bath  i t  m elted  a t 239-240° w ith  d ecom position .
The fo llo w in g  r e s u l t s  o f  platinum  determ ination  
were o b ta in ed s-
I .  *1154 gins. substance gave *0326 gm. platinum  on ig n i t io n .
I I .  *1070 * « « *0301 w ,f 11 "
Found C a lcu la ted  fo r
1 11 C i n - h .30 iJz, Nh- C ll P t .
Pt> 28*19 28*13 28*11
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H ydrolysis o f  f a  Hydroxy 7 -dime th y la m in o b u ty ro n itr ile  
M ethylch loride^ to  otohyctroxy 7 - butyrobe ta in e  c h lo r id e .
QHt -  GHjl- UH (OH) CN + HCl 4-2.H*.0 « CH CH CH (OH)COOH + NH*C1
105 gms. o f  n i t r i l e  were d isso lv e d  in  67*3 o .c .  
o f  water and 67*3 c . c s .  o f  37 per cen t h yd roch loric  a c id  
(1 .1 6  mol*) added. The mixture was g e n t ly  b o ile d  fo r  
t  hour and tr a n sfe r r e d  to  an evap oratin g  basin* The 
s o lu t io n  was evaporated  fo r  about h a lf  an hour on the 
waterbath and allow ed to  c o o l ,  when coarse c r y s ta ls  o f  
arnnonlum o h lo r id e  (13 grams) were d e p o s ite d . The f i l t r a t e  
from the ammonium ch lo r id e  was con cen tra ted  fo r  two hours on 
the w aterbath , when on c o o lin g  a crop o f  f in e  c r y s ta ls  
weighing 57 gms. was d e p o s ite d . The new f i l t r a t e  gave 
another crop o f  sm all c r y s ta ls  on fu rth er  evap oration  
(w e ig h t, 47 gms) and the th ir d  f i l t r a t e  was evaporated  
to  d ryn ess.
Crops 11 , 111,and the resid u e  were se p a r a te ly  
trea ted  w ith  b o i l in g  ab so lu te  a lco h o l to  d is s o lv e  the 
b eta in e  c h lo r id e , and the resid u e  from each e x tr a c t io n  
trea ted  again  w ith  a lco h o l u n t i l  the e x tr a c ts  on c o o lin g  
gave no con sid erab le  crop  o f  c r y s t a l s .  The amount o f  
each p o rtio n  o f  a lco h o l was about 150 c . c s .  1 •  l j  l i t e r s  
o f  a looh o l were used  in  a l l  fo r  crops 1 and 11 . The 
resid u e  d is so lv e d  c o n s is te d  in  1 0 0  c . e .  b o i l in g  a lco h o l 
and presumably c o n s is te d  o f  unchanged n itr i le * . Crop 1. 
wasuvsoluble in  b o i l in g  a lcoh o l*
The y ie ld  ofoi-hydroxy 7 - butyrobe ta in e  o h lo r id e  
ob ta in ed  from the a lo o h o l e x tr a c ts  was 50 gms, 47% theory*
I t  con ta in ed  a tra ce  o f  ammonium c h lo r id e , in s u f f ic ie n t  to  
form a p r e c ip ita te  w ith sodium p ic r a te  and a lc o h o l, but 
enough to  g ive  a stron g  r e a c t io n  w ith N e s s le r 's  s o lu t io n .
<<-Hydroxy T^butyrobe ta in e ch lo r id e  c r y s t a l l i s e s  
from a lco h o l in  sh o r t g l i s t e n in g  c o lo u r le s s  p rism s. Xt i s  
not e x c e s s iv e ly  so lu b le  in  water from ^ii can be c r y s t a l l i s e d ;  
th is  property  shows agreement w ith  the hydroxy b u tyrob et-  
a^ne oh lo r id e  prepared by the method o f  F isch er  and 
G oddertz, and c o n tr a st  to  the syrupy, d i f f i c u l t y  
c r y s t a l l i s a b le  I -  c a r n it in e .
N (CH3 )5 Cl 3 (CH3)j Cl
6 7 -
p rep aration  o f  the A urioh loride o f  /-H ydroxy  
^ b u ty r o b e  t a in e *
fcHjt * CH* • OH*(OH)* COOH) • AuCl*
(• )
& (CH3)5*C1 )
A con cen tra ted  aqueoua s o lu t io n  o f  1 gm* o f  
hydroxy T -butyrobe ta in e  ch lo r id e  was mixed w ith  
a s l i g h t  ex c ess  o f  30% g o ld  ch lor id e  so lu tio n *
A f in e  y e llo w  p r e c ip ita te  was formed. This d is s o lv e d  
on warming, and on c o o lin g  s lo w ly  a c r u s t  o f  srnLl 
r a d ia tin g  orange and y e llo w  c r y s ta ls  was formed.
These were f i l t e r e d  o f f  and tw ice r e o r y s ta l l ls e d  from 
water co n ta in in g  a trace  o f  hydrochloroauric acid*
A fter drying a t 1 0 5 ° , th ey  m elted q u ite  sh a rp ly  at 
173 (uncorr*) to  a deep orange-red  l iq u id ,  w ithout 
decom position*
The a n a ly s is  o f  the a u rioh lor id e  gave the fo llo w in g  
f ig u r e s t -
I .  *5835 gm. substanoe gave on ig n it io n  *2294 gm.Au.
I I .  *3274 gm. " " " " *1288 8 ■
I I I . *2772 gm. " " *1689 gm. Co» and *0102 gra.H.O
IV . *4884 gm. " " ammonia whioh, d is so lv e d  in
25 o . c s .  *998 n/ io HCl, req u ired  14*85 o .o s ,
•998 N/ / 0  NaOH fo r  baok t i t r a t i o n .
Fcund C alcu la ted  fo r
1 11 U l  IV. C7 N Au CU
C -  16*62 -  16*77
H -  4*12 -  3*22
N . . .  2*91 2*81
Au 39*31 39*) > -  39*34
34 )
P la tln  ic h lo r id e o f  tf-Hydroxy 7 - butyrobe ta in e  .
(CHj.- CH,, • CH* (OH) COOH )-P t CI4
(N (CH3 )5-C1 h
Bie p rep aration  o f  the p la t ln io h lo r ld e  has 
been p r e v io u s ly  d escrib ed  (p .p . 3 5 , 3 4  ) .
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(a) P la t in lc h lo r id e  prepared by the F ischeivG Sddertx  
method#
1 . O r ig in a lly  o i l  f i r s t  orop#
1# .1997 gm. substance l e f t  on ig n it io n  *0493 gm. Pt#
1 1 # *1719 11 " n « « *0425 11 "
Found# C alcu la ted  fo r
Betaine p la t in lc h lo r id e .  B etaine e s t e r  p la t ln l
- c h lo r id e •
1 11 C,^H^0*NxPt Cl* C/c H/^0*Njl Pt Cl*
Pt% 24*67 24*73 26*65 24*75
2# C r y s ta ll in e  Crop#
1 *1505 gm# substance l e f t  on ig n it io n  *0396 gm# Pt#
Found C a lcu la ted  fo r
1 C/* H ^ Q ^ P t  Cl*
Pt% 26*32 26*65
(b) Second Method#
1# F ir s t  Crop#
1 . *1513 gm# su bstance l e f t  on ig n it io n  *0326 gm. P t.
1 1 . *1028 gm. » w w w  * 0 2 5 5  n "
Found# C a lcu la ted  fo r
1 11 B etaine e s te r  p la t in lc h lo r id e #
C/3 H^O* Nfc Pt Cl*
Pt% 24*83 24*81 24*75
2 . Second Crop#
1# *1139 gm# substance l e f t  on ig n i t io n  *0298 gms* Pt#
Foun d C a lc u l ate d fo r
C/* Oc, N 2. Pt Cl*
Pt% 26*16 26*65.
A n a l y s i s #
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A ction  o f  C oncentrated Sulphlxric Acid on the C&oride 
o f  f a  Hydroxy Of- butyrobe t  aine .
The treatm ent o f  the b eta in e  c h lo r id e  w ith  
su lp h u ric  acid  was c a r r ie d  out a f te r  the method 
o f  Engeland II )  fo r  preparing ap ocarn itin e  from 
c a r n it in e  ch lo r id e*
1  gm. o(-hyaroxy7 -b u tyrob eta in e o h lo r id e  was 
added to 50 gms. con cen tra ted  su lp h u ric  ao id  
("Pharmacopoeia b r i  tan n ic  a" q u a lity )  and th e  m ixture 
shaken. Jhe o h lo r id e  d is s o lv e d  r e a d i ly ,  w ith  
e v o lu t io n  o f  h yd roch lor ic  a c id , to  form a c le a r  
c o lo u r le s s  so lu t io n *  This was h eated  a few m inutes 
on the w aterbath to  e x p e l h ydroch loric  a c id  and 
tr a n sfe rre d  to an o i lb a th , wherein i t  was h eated  fo r  one 
hour to  1 2 0 -1 3 0 °.
The c o ld  r e a o tio n  m ixture was poured on ice  
and n e u tr a lis e d  w ith  barium carbonate* The s o lu t io n ,  
f i l t e r e d  from barium compounds, was evaporated  to  sm all 
bulk on the waterbath* A fter  a c id i f ic a t io n  w ith  
h yd roch loric  a c id , the s o lu t io n  was mixed w ith  go ld  
ch lo r id e*  A cop ious y e llo w  p r e c ip ita te  was formed, which 
q u ick ly  d isc o lo u r ed  through red u ctio n  to  gold* The 
s o lu t io n  was warmed to  d is s o lv e  the p r e c ip ita te  and f i l t e r e d  
from m e ta llic  gold* On c o o lin g  the f i l t r a t e  a b r ig h t  
yellow  a u r ic h lo r id e  c r y s t a l l i s e d *  This was f i l t e r e d  o f f  
and d r ie d . I t s  m eltin g  p o in t w&s found to  be 190°, a f te r  
s in te r in g  a t 180°.
( 1 )  I W .  ( iC j i l )  IH-Cj.
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P reparation  o f  the d -  camphor su lphonate and 
d - Bromoc araphorsulphonate o f  o(— Bydroxy7-butyro- 
Fe t a in e . ** ”
d™ Camphoraulphonate.
19*75 gms* ©(-hydroxy 7- butyrobe ta in e  c h lo r id e  were 
d is s o lv e d  in  water end tr e a te d  w ith  s i l v e r  camphor sulphon­
ate  in  aqueous s o lu t io n  t i l l  no more s i l v e r  c h lo r id e  was 
p r e c ip ita te d *  The f a l t e r e d  s o lu t io n  was evaporated  on
the w aterbath , when some ammonium camphor su lphonate  
c r y s t a l l i s e d  o u t . On d e s ic c a t io n  the resid u e  became 
a very  v isco u s  gum in term ixed  w ith  a l i t t l e  c r y s t a l l in e  
ammonium camphor su lp h o n a te . The l a t t e r  was removed
e n t ir e ly  by warming the gum w ith  acetone co n ta in in g  a 
l i t t l e  m e th y la lco h o l, when the gummy p o r tio n  d is s o lv e d ,  
le a v in g  the c r y s t a l l in e  ammonium camphorsulphonate beh ind . 
A fter c o o lin g , the s o lu t io n  was f i l t e r e d  from ammonium 
camphorsulphonate and the s o lv e n t  evaporated  on the 
wa^erbath. The gummy resid u e  became v ery  s t i f f  on 
d e s ic c a t io n  but d id  not c r y s ta llis e  and did n o t c r y s t a l l i s e  
when i t s  h o t s o lu t io n  in  any so lv e n t  tr ie d  was c o o le d .
A fter stan d in g  about two months in  a d e s ic c a to r , however, the  
camphorsulphonate p assed  in to  a white c r y s t a l l in e  mass 
which d is s o lv e d  in  h o t acetone co n ta in in g  a trace o f  w ater, 
and on c o o lin g  gave a s o l id  d ep o sit  whioh on exam ination  
under the m icroscope was seen  to c o n s is t  o f  t u f t s  o f  sm a ll 
slen d er  c o lo u r le s s  n eed les*
d - Bromoc amphorsulphonate *
2 0  gms. o f  b e ta in e  c h lo r id e  were tr e a te d  w ith  
s i l v e r  bromoc amphorsulphonate in  the manner d escr ib ed  
under the cam phorsulphonate, and the gummy s a l t  f r ie d  
from ammonium bromoc amphorsulphonate in  the samB way.
The b eta in e  bromoc amphorsulphonate was a s t i f f  
gum whioh Sid n ot s o l i d i f y  on long s ta n d in g , and cou ld  
not be c r y s t a l l i s e d  from any so lv e n t  tr ied #
/
Attempted S y n th esis  o f  a) -  hydroxy / b - i s  obut yr obe t  aine *
P reparation  o f  B enzoyl /3 -a la n in e  E thyl Ester*
1 2  gms* b en zoy l a la n in e , 25 gms* a lco h o l and 
1 0  gms* ig n it e d  copper"sulphate (one mol*) were 
mixed to g e th e r  and re flu xed  24 hours on the watexbath*
The copper su lp h ate  had by t h is  time acquired  a b lu ish  
colour* The f i l t e r e d  a lc o h o lic  s o lu t io n  was poured  
in to  water and the heavy o i l y  e s t e r  ex tr a c te d  w ith  
eth er*  The e th e r e a l  s o lu t io n  was washed w ith  
sodium carbonate s o lu t io n  to  remove fr e e  a c id , then  
th ree tim es w ith  w a ter , and d r ied  over sodium su lp h ate*  
A fter rem oval o f  e th e r  on the w aterbath , the crude 
e s t e r  was d i s t i l l e d  in  vacuo* The tem perature o f  
d i s t i l l a t i o n  rose  sh a rp ly  to  212° at 15 m*m*, between  
which tem perature and 214° alm ost a l l  the l iq u id  passed  
over* The d i s t i l l a t e  formed a very  s l i g h t l y  
co lo u red , v isc o u s  l iq u id ,  whioh on c o o lin g  in  a fr e e z in g  
m ixture and sc r a tc h in g  w ith  a g la s s  rod  soon began 
to  c r y s t a l l i s e  In b e a u t ifu l  r a d ia tin g  c lu s te r s  o f  s len d e r  
c o lo u r le s s  n e e d le s ,  which r a p id ly  spread throughout the 
mass* Y ie ld , 6  gms* (41*9%)* The substance m elted  
a t 41°*
The e th e r e a l s o lu t io n  o f  the e s t e r  must n o t be 
d ried  over ca lc iu m  ch lo r id e  because th e L atter forms an 
in so lu b le  granular compound with the b en zoyl _  a lan in e  
e s te r *  JSxis l s  decomposed by d ilu te  ao id  y ie ld in g  the 
e s t e r  again*
The o th er  compounds (see  p3<?.) used  in  the  
attem pted sy n th e s is  were a l l  prepared by known methods 
and may be d ism issed  in  a few words*
The s u c c in ic  anhydride was very r e a d ily  prepared  
by b o i l in g  a m ixture o f  s u c c in ic  acid  and a sm all e x c ess  
over one molar p rop ortion  o f  a c e t ic  tah yd ride fo r  2 0 .3 0  
m inutes* Pure s u c c in ic  anhydride c r y s t a l l i s e d  on 
co o lin g  in  good y ie ld ;  thus 420 gms* su c c in ic  a c id  
and 480 gms* a c e t ic  anhydride gave 322 gm s*suocln le  
anhydride (90*5%) mp. 119-120°.
1 i
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The anhydride was con verted  in to  su ccin im id e by h ea tin g  
i t  to  160-180° and sa tu r a t in g  w ith  dry ammonia gas* The 
crude produot was d i s t i l l e d .  300 gms. su c c in ic  anhydride 
gave 194 gms. su ccin im ld e b .p . 282-288 end the lower 
b o i l in g  p o r tio n , co n ta in in g  w ater, gave on r e c r y s t a l l i s a t io n  
from h o t amyl a lc o h o l a fu r th er  41 gms. pure product, 
t o t a l ,  235 gms*, 79*1% th eo r y .
/5 -A lan in e was prepared from su ccin im ld e by the 
a c t io n  o7 a lk a lin e  potassium  hypobrom ite, a f te r  
L engfeld  and S t i e g l i t z 1 m o d ific a tio n  o f  the p rocess  
o f  Hoogewerf and van D orp'2 l The y ie ld  was 60%.
B en zoy la tion  o f  the /5 -a len in e  was performed  
by the Sctotten-Banmann r e a c t io n , /3- a lan ine b ein g  
shaken fo r  some hours w ith  benzoyT ch lo r id e  (1 m ol.) 
and o a u s tic  soda (4 m ols.) A fter d c ld l f lo a t lo n  and 
f i l t r a t i o n  the b en zoy l ^ -a la n in e  was washed w ith  
warm petroleum  e th e r  to  remove benzole a c id , and 
r e c r y s t a l l i s e d  from h o t water* The m eltin g  p o in t in  
s e v e r a l experim ents}w as found to  be 117°, whereas 120° 
i s  g iven  by Holm*'®' The b e s t  y ie ld  obtained  was
22 gms. from 18 gms. a lan in e or 56*4% th eo ry .
(1) A .li. C h em .J o u m a l,l£ , 215 (1 8 9 3 ).
(2) R ec .d . traveaux.chTSr.P0y 8 -B a s .lO , 4 (1 8 9 1 ).
(3) Arch.Pharm. ^42, 590-612 . (19T5T) .
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